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LUMINA in glass has existed since ancient times, 
A its presence being obligatory, since most glass 

sands contain Al,O, as an impurity. All present- 
day commercial glasses‘ contain some Al,O, which is 
derived unintentionally from impure raw materials and 
from the slow solution of refractories in the molten 
glass,? while additional amounts are sometimes placed in 
the raw materials constituting the glass batch. The in- 
tentional additions of Al,O, are usually in modest 
amounts, but glasses containing up to 8 per cent of 
A1,0, are being worked by machine* and some Contin- 
ental bottle glasses‘ contain from 9 to 15 per cent of 
A1,0,. 

The effects of Al,O, in glass have recently received 
widespread attention by various investigators,’ ° but it 
is worthy of note that Schott’ found long ago that the 
glass made from Thuringian high-alumina sands re- 
sisted devitrification to a much greater extent than 
glasses containg very little alumina. 

The workers of Jena also studied the effect of B,0, in 
glass, observing the lengthening of the red end of the 
spectrum relative to the blue which this oxide produces 
in optical glasses. Studies concerning B,O, in glass have 
been made more recently in Sheffield and elsewhere. 
Many chemical glasses* contain up to 10 per cent of 
A1,0, and 7 per cent of B,O, while Pyrex chemical ware 
contains about 12 per cent of the latter. 


Quite recently the use of small amounts of B,O, 
(usually added as borax) has been introduced generally 
in bottle glasses and even sheet glass compositions 
with beneficial results.° 

It has been reported that Al,O, can be incorporated 
better into glass if borax is present,’® and the use of 
B,O, in conjunction with Al,O, may be desirable. Boric 
oxide is an acidic oxide; aluminum oxide is acidic at 
high temperatures’', but depending on the conditions 
may act as an acid, as in the formation of aluminates or 
as a base informing aluminosilicates. J. W. Cobb’? 
concluded that the function of Al,O, was mainly basic. 

Raw Materials. Raw materials used to introduce Al,O, 
in glass are feldspar, hydrated alumina and calcined 
alumina. Lepidolite and phonolith have also been sug- 
gested, the latter only in cases where a green color due 
to iron is not objectionable. The use of feldspar has 
advantages since its alkaline content aids in the glass 
melting process. It has been suggested that Al,O, be 
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introduced as hydrated alumina in soda batches and as 
feldspar in sulfate batches.** For high-alumina glasses, 
calcined alumina has the advantage of causing less 
frothing in the glass melt.'*. It has been found'’ that 
soda-alumina-silica glasses set more quickly if hydrated 
alumina is used in the batch instead of calcined alumina. 

The sources of B,O, in glass are borax and boric 
acid. The former may be hydrated or in the anhydrous 
form; the latter may also be obtained as the anhydrous 
variety. For general purposes in regard to the melting, 
fining and working properties of glass, the source of 
B,O, is of little importance.'® 

Devitrification. The observation of Schott’ that sands 
containing about 4 per cent of alumina produced glasses 
very resistant to devitrification has been confirmed by 
many investigators. The influence of Al,O, on the de- 
vitrification of soda-lime-silica glasses was studied re- 
cently by Mullenseifen and Zschimmer'’ who found that 
4 per cent of Al,O, suppressed silica devitrification. In 
those glasses where devitrification did occur, the crystals 
were pseudo-wollastonite or devitrite. The optimum 
amount of Al,O, depended on the alkali content of the 
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glass. If the soda content was near 14 per cent, a sub- 
stitution of 1 to 3 per cent of Al,O, for SiO, in the 
glass was beneficial. This action of Al,O, in preventing 
devitrification may be due to the fact that aluminous 
glasses are more viscous in the temperature interval 
where devitrification is likely to occur.'* 

Boric oxide added to soda-lime-silica glasses up to 5 
per cent usually decreases the tendency to devitrify.’® 
English®® found, however, that some sheet glass compo- 
sitions had an increase tendency to devitrify on sub- 
stituting B,O, for soda up to 3 per cent, although the 
glass was suitable for pressed glass ware. 


Melting Rate. Some claim is made that the presence 
of alumina renders the melting process more difficult, 
but the general opinion is to the contrary. Singer’ 
stated that Al,O, in certain amounts, depending on the 
glass used, produced a more easily melted glass. 
Springer** and others** found that high lime-low alkali 
glasses had increased fusibility and fining properties 
after additions of Al,O,. Turner** stated that a soda- 
lime-silica glass melted more easily when Al,O, (2.67 
per cent in this instance) was present. Others have con- 
firmed the views that Al,O, makes fusion easier, but 
have found that if the Al,O, is in excess of 3 to 5 per 
cent, the fining temperature increases rapidly.** 

Springer** could distinguish no difference in his 
glasses, whether Al,O, was introduced as kaolin or as 
hydrated alumina. Other experiments'® indicate that 
hydrated alumina forms less seeds in the finished glass, 
but the glass is more brittle and “short” than that pro- 
duced when calcined alumina is used. Stang*® found 
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that aluminous glasses were melted more readily when 
feldspar or hydrated alumina was used instead of cal- 
cined alumina. 
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The use of small amounts of B,O, in bottle glasses is 
of quite recent origin. In a series of tests*’ on a full-size 
tank, about 15 pounds of borax were added per ton of 
sand and the amount was gradually increased to 100 
pounds of borax per ton of sand. The soda was de- 
creased to one-half of the borax added, the total Na,O 
being thereby reduced. The original glass contained 8 
per cent CaO and 1.5 per cent of Al,O, (from feldspar). 
After 30 pounds of borax per ton of sand were added, 
a greater fluidity was noticed and the fires and method 
of filling were changed to avoid seeds. The tank could 
be overpulled about 89 per cent, but 25 to 50 per cent 
are the more usual figures. Feeders operated well on 
glass from the above tank containing 1.5 per cent of 
B,O,,. 

Other manufacturers** have experienced trouble when 
adding borax to their glass batches. There seems to be 
a tendency for seed formation and also more tendency 
to reboil. Some slag formation occurs in the checkers 
also. However, one manufacturer uses successfully 120 
parts of feldspar and 40 parts of borax per 1000 pounds 
of sand.*° 

It appears that substitution of small amount of B,O; 
(as borax) for SiO, in glass batches generally results 
in an accelerated melting and fining rate but that furnace 
conditions must be adjusted to prevent the existence of 
seed in the finished glass. 

The advantageous use of borax in connection with salt- 
cake batches has not been proved.” 

Corrosion of Refractories. The introduction of small 
amounts of Al,O, in glass reduces the corrosion of the 
refractories in contact with the molten glass.** 

If B,O, in glass is greater than 8 to 9 per cent, large 
corrosion of contacting refractories takes place.’* With 
small amounts of B,O, present, the amount of dissolved 
réfractory in the glass may be reduced since the increased 
melting rate allows a greater pull on the furnace. 

Thermal Expansion. Small amounts of B,O,(up to 
1.5 per cent), when added to a soda-lime-magnesia-silica 
glass (sheet glass), cause a slight reduction in the thermal 
expansion,** but substitution of Al,O, for SiO, weight 
for weight does not change the coefficient of expansion.” 
This indicates that the expansion factors for Al,O, and 
SiO, in this glass are the same. The change in expansion 
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coefficient produced by small additions of Al,O, o1 
B,0O, is insignificant for the practical purposes of casing 
glasses or sealing metals into glass, providing that Gehl- 
hoff’s limit** of 10 per cent allowance difference in 
thermal expansion is admitted. 

The effect** of substituting B,O, for SiO, in Kavalier 
resistance glass is shown in Figure 1, a minimum on the 
expansion curve being noticed at about 15 per cent of 
B,O,. 

Viscosity. The effect of additions of Al,O, or of B,O, 
on the viscosity of a glass (82 per cent SiO,; 18 per 
cent Na,O) was studied by Gehlhoff and Thomas.** 
Some of their results are represented in Figure 2, which 
shows that additions of Al,O, increase the viscosity of 
the glass at all temperatures used, whereas corresponding 
amounts of B,O, result in increased viscosities at the 
lower temperatures and decreased viscosities at higher 
temperatures. 

The greater fluidity of B,O, glasses at elevated temp- 
eratures should result in the greater ease of fining of 
such glasses. 


Figure 2 shows curves which represent the tempera- 
tures at which glasses have the same viscosities. A de- 
creasing slope denotes a more fluid glass; a rising slope 
denotes a more viscous glass. 

Substitution by weight of Al,O, (up to 2 per cent) for 
CaO in a soda-lime-silica glass increases the viscosity*® 
of the glass above 1100° C, while below this tempera- 
ture the aluminous glasses have a lesser viscosity than 
that of the parent glass. The working range of the 
aluminous glasses is therefore longer and the addition is 
beneficial. 


Annealing of glass is facilitated as a rule by the pres- 
ence of Al,O, in glass. 

When B,O, is substituted for silica, the fluidity of the 
glass increases** and the working range becomes shorter. 
However, the latter is satisfactory up to 8 to 9 per cent 
of B,O,. The annealing temperature changes as illus- 
trated in Figure 1. 
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Tensile Strength. The tensile strength** of a glass 
(82 per cent SiO,; 18 per cent Na,O) is raised by sub- 
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stituting Al.O, or B,O, for SiO, as shown in Figure 3. 
Increase of B,O, beyond 15 per cent is detrimental. 

The tensile strength factors of Winkelmann are .065 
for B,O, and .05 for Al,Os3 indicating the greater effect 
of the former oxide. 


Compressive Strength. The compressive strength** of 
glass (82 per cent SiO,; 18 per cent Na,O) is reduced by 
B,O, additions greater than 10 per cent. The effect of 
Al1,0, is to produce a stronger glass, as shown in Figure 


Modulus of Elasticity. Strained glass has a smaller 
modulus of elasticity than annealed glass. The change 
in modulus** as affected by additions of Al,O, or B,O, 
to the glass (82 per cent SiO,+18 per cent Na,O) is 
shown in Figure 5. 


Thermal Endurance. The thermal endurance of glass 
is a measure of its ability to withstand sudden tempera- 
ture changes. It is dependent on the form, thickness, etc., 
of the glass object and the condition of strain in the 
glass. Of chief influence on the thermal endurance are 
the tensile strength, thermal expansion coefficient and 
modulus of elasticity. Other minor factors appear in 
Schott and Winkelmann’s formula*‘, 

W=constant x am +3 ~-— 

txE sxc 

where W is the thermal endurance, P is the tensile 

strength, t the coefficient of expansion, E the modulus of 

elasticity, k the thermal conductivity, s the specific 
gravity and c the specific heat of the glass. 

Although the formula is of restricted use, it is ap- 
parent that glasses of high thermal endurance should 


possess high tensile strength and low thermal expansion 
and elasticity values. 


Addition of Al,O, to glass increases the thermal en- 
durance, but glasses of very high thermal endurance 
utilize the great lowering of expansion coefficient im- 
parted by B,O,. Such glasses may contain up to 16 per 
cent of B,O, and 6 per cent of Al,O,. 


Durability. The solubility of a glass*’ as affected by 
Al,O, and B,O, additions is shown in Figure 6. The 
base glass was 82 per cent Si0,+18 per cent Na,O and 
R,O, was substituted for SiO, in weight per cent. 

The great solubility of the parent glass is profoundly 
reduced by additions of Al,O, or B,O,. At about 


237 








7 per cent of either oxide, 
the solubilities of the 
glasses are the same. Fur- 
ther additions of B,O, 
form a more soluble glass, 
B203 while an increase of Al,O, 
to 15 per cent results in a 
continuous decrease in sol- 
ubility. 
The low solubility of 
Al1,O, glasses is a recom- 
A120 mendation for its use in 
io 21 bottle glasses. The aver- 
age content®® of twelve 
Fig. 6. R203 Continental bottle glasses 
was found to be 58 
per cent of Al,O,. The presence of Al,O, helps to give 
stability towards water, acid or alkaline attack. In some 
cases, only about 1.5 per cent of Al,O, is advised. In 





some lead glasses** partial replacement of SiO, by Al,O,— 


improves the resistance of the glass to water attack. 

In chemical glassware, the introduction of B,O, per- 
mits a decrease in alkali and this promotes greater re- 
sistance to the attack of water. There is a limit*® to the 
usefulness of B,O, and the durability of some glasses 
reaches a maximum at about 12 per cent of B,O,. How- 
ever, in one alkali-lime-silica glass, the substitution of 
B,O, for SiO, did not increase durability*® and was 
definitely detrimental when present in amounts greater 
than 2 per cent. Others claim that small amounts of 
B,O, render glass very resistant to attack by water. 

Density. The densities*! of Na,O-A1,0,-SiO, glasses 
are reduced by additions of Al,O,. ‘Substitutions of 
CaO by Al,O, reduce the density**; whereas, substitu- 
tions of Al,O, for SiO, increase the density.** 

Additions of B,O, in a glass at the expense of silica 
change the density** of Kavalier glass as shown in Fig- 
ure 1. 

Hardness. The scratch hardness** changes profoundly 
with the glass composition. Additions of B,O, increase 
the scratch hardness to a maximum value at 10 to 15 per 
cent of B,O, (Base glass 82 per cent Si0,+18 Na,O). 
(See Figure 7). The property of hardness is dependent 
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on the viscosity which glass possesses in the brittle state. 

Considering the hardness of glass, Auerbach ascribed 

a factor of 10.1 to Al,O,, and 0.75 to B,O,. These values 

are very favorable to Al,O,, but Lecren‘er stated that 
B,O, gives great hardness to glass also. 

Electrical Conductivity. Alkalies have the greatest in- 
fluence in reducing the electrical resistance of glass. Fig- 
ure 8 shows the influence of additions of B,O, and of 
A1,0, in a glass on the electrical resistance. Boric ox- 
ide has a favorable effect, while there is little noticeable 
change in the case of Al,O,. 

Miscellaneous. Application of the factors for heat 
conductivity of Paalhorn and Focke** indicates that 
Al,O, imparts a higher thermal conductivity to glass 
than B,O,. From Winkelmann and Schott’s factors, the 
specific heat*® of A1l,O, in glass is less than that of 
B,O,. The resistance to impact** of a sodium silicate 
glass increases with additions of B,O, up to 15 per cent 
and then decreases. This quality is a measure of the 
brittleness of the glass. The dielectric constant** of a 
sodium silicate glass was increased slightly more in the 
case of B,O, additions than for Al,O, additions. The 
endothermic effect*® which occurs when glasses are heated 
in the softening range is greater for B,O, additions than 
for like Al,O, additions. 

The volatilization loss*® of B,O, during the melting 
operation is variable but may reach 35 per cent in some 
experimental melts. The surface tension*’ of soda-lime- 
silica glasses is raised by substituting Al,0, for CaO 
while a similar substitution of B,O, reduces this value. 
The ultraviolet light absorption** caused by A1,O, or 
B,O, in glass should be small since it is found that a 
fused mixture of B,O,, CaF,, and Al,O, shows only weak 
absorption. The presence of B,O, or Al,O, enhances the 
brilliancy of glasses. 
1E. Zschimmer: J. Soc. Glass Tech., Trans. 12, 82 (1928). 

? Anon: Glashiitte 63, 24 (1933). J. Soc. Glass Tech., Abs. 17, 186 


(1933). Test on one tank showed 0.02 per cent of AlzOs introduced by 
solution from refractories. 

*F. W. Adams; J. Soc. Glass Tech., Proc. 12, 115 (1928). 

*W. E. S. Turner: J. Soc. Glass Tech., Trans. 3, 47 (1919). 
— by E. Zschimmer: J. Soc. Glass Tech., Trans. 12, 82, 333 
*E. Berger: Glastech. Ber. 5, 569 (1928). 

* See G. W. Morey: J. Am. Ceram. Soc. 13, 718 (1930). 

to and W. E. S. Turner: J. Soc. Glass Tech., Trans. 2, 191 


¥ and W. E. S. Turner: J. Soc. Glass Tech., Trans. 18, 

2° Anon: This journal 12, 18 (1931). 

1H. Salmang: Glastech. Ber. 7, 277 (1929-30). 

pt W. Cobb: J. Soc. Chem. Ind. 29, 69, et seq. (1910). 

%*R. K. McBerty: This journal 9, 215 (1928). 

“E. M. Firth, F. W. Hodkin, M. Parkin, W. E. S. Turner: J. Soc. 
Glass .Tech., Trans. 10, 364 (1926). 
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FORMATION OF CRISTABOLITE AS 





OCTAHEDRA 


IN DEVITRIFIED GLASS* 


By MARCEL BELLIERE 
S. A. Glaver, Moustier, s/S, Belgium 


RISTOBALITE, one of the low density forms of 

silica, is often met with, either as a constituent of 

certain refractories which have been subjected to 
high temperatures, or as a devitrification product of 
glass. Nearly always the crystal form is fine grained, con- 
fused, of skeleton form and without recognizable external 
shape. In glass particularly, cristobalite is most often 
met with as small white masses, rounded and enveloped 
in a shiny surface of separation. 

In certain rarer instances, cristobalite is found as 
isolated dendrites, of a more or less complicated struc- 
ture, readily recognized by their nearly always orthog- 
onal scaffolding. These dendrites, much broken up, 
possess no definite external contour. 

While studying a partially opalized fluorine-bearing 
glass I have observed in places the formation of cristo- 
balite as very numerous small crystals of clearly octa- 
hedral form. (Fig. 1) These crystal forms are of 
strictly microscopic size, for the little octahedra measure 
only 7 to 10 » across. 

Latterly, I have discovered two instances of octahedral 
crystals of cristobalite quite visible to the naked eye.' 

The first specimens which measured about 2/10 of a 
millimeter across were found scattered in blocks coming 
from the tearing down of a window glass tank which had 
been shut down, and had partly crystallized with a forma- 
tion of spherulites of wollastonite and devitrite. Among 
these “mothballs”, which reached several centimeters: in 
diameter, could be seen here and there smaller granules 
(2 or 3 millimeters across) of shapeless rounded cristo- 
balite. - Very rarely, some small cristobalite octahedra 
were found scattered in the glass. Whenever their dia- 
meters exceeded about .2 of a millimeter, the octahedra 
begin to round off and lose their shape. 

The second lot of specimens come from a glass of ill- 
defined composition, probably high in silica, which ran 
into the chinks of the floor of a pot furnace, and accumu- 





lated slowly in a hollow place where it partly crystallized. 
The glass, of a pronounced green tint, contains grains 


ues 





Fig. 1. Small separated crystals of octahedral cristoba- 
lite in a fluorine glass, natural light 310. 
and nodules of a shapeless white character constituted 
principally of cristobalite of confused crystallization. 
Nonetheless, between the little nodules there may be 
frequently found very clear cut octahedra of cristobalite 
as much as .8 of a millimeter across. They are some- 
times separated and sometimes strung out like a row of 
beads. It is possible that there may be larger ones, but 
they cannot be observed since cristobalite quickly sur- 





31. .The octahedron to the left seems more or less 


x12 


deformed by reason of a parting crack which par- 
tially surrounds it. 
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FIG. 2, OCTAHEDRA OF CRISTOBALITE PHOTOGRAPHED IN CLEAR GLASS BY REFLECTED LIGHT. 
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rounds itself with a more or less spherical surface of 
separation, due to the unequal contractions of glass and 
crystal on cooling down from the solidifying temperature. 
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Examination between cross-nicols indicates that the 
glass surrounding the crystals which do not have this 
parting surface, is in radial tension, and one may easily 
understand that when we come to crystals of larger 
dimensions the stress may be sufficient to break the glass 
around the cristobalite. The mirror-like surface formed 
by the crack completely prevents observation of the part 
inside. It appears moreover that as with the first speci- 
mens, the octahedra as they grow, tend to round off, 
possibly through the formation of inter-penetrating 
twins. Figure 3 shows the progressive deformation of 
an octahedron by a sort of crusty accretion. 

In spite of the very clean cut external form of the 
octahedra, a section cut through the latter reveals an 
internal dendritic structure with gaps in it. The axes 
of the dendrites are as a rule parallel to the axes of 
symmetry of the fourth order of the cube. 

The octahedron appears to be by far the most frequent 
form in which cristobalite crystals terminate. It is by 
octahedral faces that as a rule the isolated dendritic 
crystals encountered in glass are terminated (Fig. 4). 
We may recall that natural cristobalite was discovered 
in 1886 by vom Rath at Cerro de San Cristobal near 








Pachuca, in Mexico, precisely in the form of octahedra 
of about two millimeter diameter?. These were some- 
times simple, sometimes twined after the fashion of 


Fig. 3. (left). Progres- 

sive deformation of an 

octahedron by incrusta- 
tion. 


Fig. 4 (right) Dandrites 
of cristobalite. 





spinels. This detail might explain why crystals in glass 
seem to show a tendency to take on complicated forms. 

The little crystals of San Cristobal sometimes have 
hollowed faces with sharp arrises, a phenomenon ob- 
served also in crystals from glass and according well 
with the great tendency of this mineral to develop den- 
dritic structure. 

It is known that the cubic form of cristobalite is only 
an appearance, this mineral not really belonging to the 
cubic system except in its beta variety, stable above 180 
to 250 degrees C. It is with that cubic structure that the 
mineral forms in the first instance, but at room tempera- 
ture the symmetry is orthorhombic (alpha variety). 
Nonetheless the external form, developed at high temper- 
ature, still gives to the crystal a cubic aspect. Bauer, 
who studied the crystals of vom Rath, has already called 
attention to the optical anomalies of cristobalite and 
found that this substance is cubical only in appearance. 





* Translated by F. W. Preston for The Grass Inpustry from Verre 
et Silicates Industriels, Vol. 5, No. 6, March 25, 1934 


1M. Belliere, Notes mineralogiques. “‘Annals of the Geological 
Society of Belgium”, 1933, p. B 274. 
27Vom Rath, Ueber Cristobalit von Cerro S. Cristobal, “Neues 


Jahrbuch fiir Mineralogie’, 1887, I, p. 198. 





0. HOMMEL COMPANY EXPANDS ITS 
RESEARCH AT MELLON INSTITUTE 
Almost a year ago the O. Hommel Company of Pitts- 
burgh founded an Industrial Fellowship in Mellon In- 
stitute for the purpose of investigating scientifically 
problems of importance in enamel technology. Jack H. 
Waggoner was appointed to the incumbency of this 
Fellowship, and since the inception of the work he has 
been studying broadly the applications of the frits pro- 
duced by the O. Hommel Company and has also been 
giving research attention to problems encountered in the 

industrial use of these products. 

Quite recently the Hommel Company authorized 
Mellon Institute to add another specialist to this Fellow- 
ship and it has just been announced that William J. 
Baldwin has been appointed to this post. Mr. Bald- 
win is a ceramic chemist who has been in the employ 
of the American Radiator Company from 1926 until he 
joined the Institute on October 1. During his eight- 
year connection with the American Radiator Company, 
Mr. Baldwin became acquainted with the problems of 
vitreous enamel. He gained experience in the analysis 
of raw materials and the utilization of various chemicals 
in frit making. In addition to laboratory research work 
on vitreous enamels he has had practical experience in 
the wet-process enameling field, and with the American 


240 


Radiator Company he served as foreman of the mill 
room and the smelting department. 

In his position on the Fellowship of the Hommel 
Company, Mr. Baldwin will devote most of his time 
to investigations in plants. His services will be avail- 
able to companies that are confronted with problems re- 
lating to frits and their industrial use. 





SEPTEMBER PLATE GLASS PRODUCTION 
The total production of Polished Plate Glass by the 
member companies of the Plate Glass Manufacturers 
Association of America for the month of September 1934 
was 6,737,782 sq. ft., as compared to 7,449,906 sq. ft. 
produced by the same companies in the preceding month, 
and 8,924,666 sq. ft. produced by the Association mem- 
bers in the corresponding month last year. This makes a 
total of 69,318,826 sq. ft. produced by these companies 
déring the first three quarters of 1934, as compared to 
69,728,025 sq. ft. produced in the corresponding period 
of last year. 





The October number of Industrial Heating contains an 
article by F. G. Schwalbe, of the Toledo Engineering 
Company, Toledo, O., on “The Use of Luminous Flame 
Burners in Glass Melting.” 
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GLASS AT THE I. E. 8S. CONVENTION 


HE twenty-eighth annual convention of the Illuminat- 
IL ing Engineering Society was held in Baltimore, Oc- 
tober 1 to 4, with about 400 members registering. A ma- 
jority of the papers presented dealt with recent advances 
in lighting methods and equipment, and three in par- 
ticular were of direct interest to glass men. These were: 
“The Transmission of Solar Radiation Through Heat- 
Absorbing Glass,” by R. S. Estey and R. A. Miller; 
“Methods of Measuring Visible and Total Energy Trans- 
mission of Heat-Absorbing Glasses,” by H. P. Gage; and 
“The Illumination of Structural Glass,” by C. S. Wood- 
side. Abstracts of these papers will be found on suc- 
ceeding pages. 

A number of other papers contained references of 
general interest, particularly those relating to certain 
physical properties of glass. In the paper “The Char- 
acteristics of Gaseous Conduction Lamps and Light.” by 
L. J. Buttolph, the use of various filter glass arc tubes 
with the low pressure mercury arc for securing a modi- 
fied radiation for special purposes is illustrated. The 
transmission of these various glasses and the energ 
distribution of the low pressure mercury arc radiation 
transmitted by them is shown by curves. 

W. Harrison in his paper “Applications of the New 
Gaseous-Conductor Lamps” suggested the use of a suit- 
ably tinted glass for the outer bulb of the mercury lamp 
to screen out the excess of yellow. It may then be pos- 
sible to secure a combination unit with incandescent 
lamps which will have a good color value. 

In discussing the efficiency and the life of cadmium- 
mercury lamps, H. Spanner (The High Pressure Mer- 
cury-Cadmium Vapor Lamp) brings up the point that 
the perfect metal-vapor lamp must be made out of a 
very hard glass, or even quartz, to be able to stand the 
high temperature necessary to vaporize the cadmium. 
Likewise the glass must not be easily blackened by 
electrolysis at high temperatures or the efficiency of the 
lamp will be impaired. 

Messrs. Estey and Miller’s papers “Transmission of 
Solar Radiation Through Heat-Absorbing Glass,” de- 
scribes test methods and results on typical heat-absorb- 
ing glass. This paper is given in full on succeeding 
pages. 





METHODS OF MEASURING VISIBLE AND 
TOTAL ENERGY TRANSMISSIONS OF 
HEAT ABSORBING GLASSES 
By H. P. GAGE 


HEAT ABSORBING GLASSES having high transmission in the 
visible and a low transmission for the ultra-violet and 
the infrared portions of the spectrum, as was disclosed 
by Sir William Crookes in 1914, may be made by using 
reduced iron as one of the coloring agents in the glass. 
This property is due to a strong absorption band at 
about 1 » which extends further towards the infra-red 
than towards the visible. 

As heat absorbing glasses, especially when used for 
cooling projection systems, absorbs large amounts of 
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energy and become heated to such an extent that they 
are likely to crack unless water cooled or ventilated, a 
low expansion glass was developed which exhibited this 
desirable selective property. This glass is designated 
as “Aklo.” The spectral characteristics of this glass are 
shown in Table 1. 





TABLE I 
Transmission Transmission 
Wave- 2mm 5mm Wave- 2mm 5mm 
length % % length % % 


Ultraviolet .. .35 44 24 75 30 8 
(40 73 54 1.00 7, OS 
| .44 79 63 1.25 8 0.5 
48 82 70 1.50 18 1 
| 52 82 70 Infrared 13:00 25 3.5 
Visible ...... 56 79 62 2.00 29 5. 
-60 72 49 2.25 34 7.5 
.64 61 32 2.50 37 9.5 
-68 50 19 2.75 32 7.5 
72 37 10 3.25 29 6.5 
TABLE II 
% Light % Heat % Light % Heat. 
Transmission Transmission Transmission Transmission 
50 40 
60 14 85 55 
70 23% 90 83 


75 31 





It was shown that the transmission properties of this 
(or any other) glass may be calculated if the spectral 
transmission of the glass and the spectral energy curve 
of the source are known. The use of the sun as the 
source for making measurements of transmission is 
unsuitable as sunlight is not of constant composition due 
to the large atmospheric absorption bands in the infra- 
red caused by the water-vapor content of the atmosphere 
and to the difficulty of eliminating dust, smoke and 
cloud effects. For these reasons the heat transmission 
of the glass differs from time to time, both as measured 
and as calculated. 

It is recommended that advantage be taken of the 
greater reproducibility of incandescent lamps for prac- 
tical measurements of these glasses, and specifically thet 
heat transmissions be measured with a tungsten lamp 
operated at 3,000 deg. K using a’ thermopile-galvan- 
ometer combination; first without, then with, the glass 
interposed. The light transmission of the glasses is to 
be measured with a visual photometer using tungsten 
lamps operated at 2,360 deg. K. It was shown that the dif- 
ference caused by a change in the color temperature 
of the light source in the heat transmission measure- 
ments is large and requires close control, while the color 
temperature of the light source does not greatly change 
the readings of the visual photometer. 

The following specifications are proposed as standards 
for selecting heat absorbing glasces: (1) Glass of the 
heat-absorbing type shall have a heat transmission which, 
for a measured light transmission, is no greater than 
that given in Table 2, or for a given heat transmission, 
the light transmission shall be at least the corresponding 
tabulated value. (2) The transmission of light is 
measured on a visual photometer using a vacuum Mazda 
lamp operated at 2,360 deg. K. Heat transmission is 
measured by means of a thermopile and galvanometer 
which gives a linear response to incident radiation. 
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The source of radiant power shall be a 500-watt projec- 
tion lamp operated at a color temperature of approxi- 
mately 3,000 deg. K and having maximum energy at 
approximately 1 ». (3) The thermopile is to operate 
n air, no glass except that of the bulb being interposed 
between the filament and the thermopile. Its sensitivity 
is to be sufficient so that no concentrating lens or mirror 
is required. Diaphrams shall be used having openings 
of sufficient size to permit the radiation from all the 
filament to reach the thermopile but to restrict the area 
of the bulb or outside sources which may radiate to it. 

A combination of heat-absorbing glass and a purplish 
glass was illustrated which alters the light of a tungsten 
lamp to simulate daylight and at the same time re- 
moves most of the heating effect. 





ILLUMINATION OF STRUCTURAL GLASS 
By C. S. WOODSIDE 

THE TERM “structural glass” which in the past meant 
only windows and skylights now includes glass forms 
which simulate, in use as well as in general shape, other 
building materials. Glass is now being formed into 
bricks, moldings, columns, cornices, capitals, tiles, 
etc. The increasing use of this type of structural mate- 
rial in architecture has opened a new field for the 
illuminating engineer. 

Before discussing the lighting methods which may be 
successfully used with structural glass it will be well to 
study the characteristics of the glass itself. These char- 
acteristics determine the uses to which the glass will be 
put, and consequently will influence the methods of 
lighting. An architect in selecting materials for a 
project considers first the effect which can be obtained, 
and second the efficiency. For this reason, absolute 
values for light transmission and reflection have been 
omitted from the accompanying table (Table 1). Rela- 
tive values seem to answer the purpose, since an element 
of “fair” transmission will be selected in preference to 
one of “good” transmission of the effect produced is 
thereby improved. 





TABLE I—Cuaracteristics or Structurat Gass 














Light : Insulat- 
Transmis- dee Diffusion [Opeeusing in 
sion Quality 

Bricks ie 
Solid (clear) ...... Good Poor Slight Slight Poor 
Solid (figured) ..... Good Fair Fair Fair Poor 
Solid (colored) Fair Poor Slight Slight Poor 
Hollow (clear) ...... Good Poor Slight Slight Fair 
Hollow (colored) ...| Fair Poor Slight Slight Fair 
Vacuum (clear) Good Poor Poor Fair Good 
Vacuum (figured) Good Fair Fair Good Good 

Tile 
Clear plates ....... Good Poor None None Poor 
Figured plates Good Poor Fair Fair Poor 
Enameled plates Poor Fair Good Good Poor 
Opaque plates ..... None Good Poor 

OCCT TTC Fair Fair Fair Fair 

DE. ie i's vias cownen Fair Fair Fair Fair 

, on vacane samme Good Fair Fair Fair 

ED yao eeces veaas Good Poor Fair Fair 

EE - Giceeieus et tee Good Poor Fair Fair 

*Window glass ....... Good Poor None None Poor 

*Flashed opal glass ...| Fair Good Good Good Poor 

*Sanded glass ........ Good Fair Fair xo0d Poor 














*Shown for comparison. 





Of no small importance in selecting hollow or vacuum 
glass bricks for outside walls is the degree of heat in- 
sulation provided. It is interesting to compare the in- 
sulating qualities of these bricks with other building 
materials (Table 2). 
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TABLE II—Errectiveness oF Various INSULATING MATERIALS 


a ¢. Bw. oer be. 
lper sq. ft. per deg. F. 











SEG” Tact WOR) .osccc ccc ctcccvccscvevness ets -067 
WOE GNSS UME ooo ccc ccnswicccccccesoseese -08 
2”. Comte Weeed ae pinater niece cc cc ccccccessoed 12 
UU rer oe 25-.35 
fe rere prey .355 
8” Brick wall, “a NE a eka mennasehesseon .356 
8” Concrete wall, ¥,” plaster -461 
I EE 5.5 5 os orig 0040 osseous a .46 
Sy I ac vv in 0b 3eR ie daneeeaenes 1.13 





It can be readily seen that the saving in heat loss in 
winter and protection from the heat in summer pro- 
vided by the use of glass bricks will interest the owner 
as well as the architect. The advent of air-conditioning 
in many of our public buildings, offices, homes, and 
shops has focused attention on insulation. Pressed glass 
tiles, although in themselves poor insulators, serve very 
satisfactorily when incorporated in a hollow wall, the 
inner surface of which is insulating wall board. 

Diffusion and obscuration are closely related prop- 
erties, but are employed for different reasons. The dif- 
fusing characteristics of vacuum bricks and figured tiles 
increase the illumination from natural sources within a 
room. This factor is particularly helpful in rooms open- 
ing on courts. Office buildings, apartments, and fac- 
tories can well afford to use vacuum bricks where walls 
face courts. Insulation equal to or better than the rest 
of the walls, privacy due to the obscuring effect, and 
increased natural illumination due to the diffusing nature 
of the bricks can all be obtained. At night the same 
characteristics of the bricks which diffuse the natural 
light will reflect the interior lighting. 

The methods of illuminating glass bricks are shown 
by illustrations of various commercial installations. In 
most cases where the entire building is of hollow glass 
bricks, natural lighting is depended upon during the 
day, while at night the walls become luminous from 
the general illumination from within the building. 
Solid glass bricks with a relief or intaglio design are 
frequently edge-lighted by means of tubular lamps. This 
method is not recommended for furnishing illumination, 
but is very effective for a decorative treatment. 

Glass tiles possess many possible uses, such as lining 
subway walls, with luminous sections for station and 
advertising signs, vehicular tunnel walls, luminous 
building elements, theaters, service station and roadside 
stands. The steel and glass construction is easily erected, 
flexible in design, and comparatively inexpensive. Dif- 
fuse or indirect lighting systems must be used with 
highly polished opaque glass tile if the glare is to be 
reduced. Clear or figured glass with an enameled back 
surface may be treated with many types of illumination 










such as direct, indirect, t 
diffuse and _ translucent ; f etieitid 
; MiIRROR—-+f 
depending upon the effect 4 FRIEZE 
desired. ‘dete Pep : 
The use’ of glass REFLECTOR O 


friezes and grilles as light- 
ing elements is illustrated 
by actual examples. An 
effective method of light- 
ing is shown (Fig. 1). Columns and mouldings re~ 
quire tubular lamps for best results. Lumiline, plain 
or colored and gaseous tubes may be used. Hollow-cast 
capitals may be lighted by direct floods from the out- 
side, or by a lamp within the enclosure. 


WALL 


Fig.1 
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TRANSMISSION OF SOLAR RADIATION THROUGH 
HEAT-ABSORBING GLASS 


By R. 8S. ESTEY and R. A. MILLER 


OLLOWING a slow development over many years, 

during which a few manufacturers have made 

glasses for absorbing solar heat, there has been re- 
cent technical stimulation from which several more prod- 
ucts of this type have blossomed. The heat-absorbing 
glasses discussed in this paper are co colored with iron and 
other materials as to have low transmission for ultraviolet 
and infrared radiation but every effort is made to retain 
a reasonable degree of visual transmission. The effect of 
such glass in the windows of buildings is to intercept as 
much heat as possible from the sun’s rays shining on the 
glass while at the same time the greatest possible fraction 
of sunlight is transmitted. 


Spectral Distribution of Solar Energy. These glasses 
are designed to fit the distribution of the energy from 
the sun. Analysis of solar energy into its various colors 
with a plot of the intensities against the corresponding 
wave-lengths is illustrated in Fig. 1’. The upper curve 
shows the intensity of solar energy at each wave-length. 
The ultraviolet part of the spectrum lies to the left of 0.4, 
the visible region between 0.4 and 0.75 and the infrared 
to the right of 0.75 microns? on the wave-length scale. 

The total area under this solar energy curve (shown 
cross-hatched in the figure) represents the total solar en- 
ergy. The partial areas bounded by the limits just men- 
tioned represent the partial solar energies associated with 
the corresponding spectral regions. 

Notice that all wave-lengths including those in the vis- 
ible region contribute energy (which is the same as ra- 
diant heat) in greater or lesser amount. The particular 
band of energy lying between 0.4 and 0.75 on the wave- 
length scale produces the double effect of heat and light 

A paper presented before the Twenty-eighth Annual Convention of 
the Illuminating Engineering Society, October, 1934. Mr. Estey is 
connected with the Photometric Department, Electrical Testing Lab- 


oratories, New York; Mr. Miller is Technical Sales Engineer of the 
Pittsburgh Plate Glass Company. 
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Fig. 1. Solar energy and solar luminosity. The height of the ordin- 
ates to the upper curve indicates the relative intensity of solar radiation 
(solar heat) at the corresponding wave-lengths. The height of the 
ordinates to the inner curve indicates the relative solar luminosity 

(sunlight intensity) at the corresponding wave-lengths. 
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2 + 6 8 10 12 4 16 
Jetts per equere foot of gless radiated by window to room at 75°F 


Fig. 2. Heat radiation from hot window glass to room at 75°F. Glasses 
absorbing much solar energy become correspondingly heated and in turn 
reradiate part of that energy to their surroundings. The radiation from 

the inner surface of such a glass into a room is shown. 


and within this region one cannot be decreased without 
decreasing the other. Since approximately one-third of 
the solar energy lies between these limits a gla’s which 
completely eliminates all solar ultraviolet and infrared 
radiation and is completely transparent to solar light, by 
virtue of that transparency, would transit about one-third 
of the heat of the sun’s rays. In other words no prac- 
tical transparent glass can eliminate more than a portion 
of the sun’s heat. 


The light producing power for various solar rays is 
shown by the inner curve of Fig. 1. The area under the 
inner curve represents sunlight or in terms of physics 
“the luminosity of solar energy.” Near the boundaries 
of the visible region the sun’s rays are but dimly lumin- 
ous compared with their heat content. Therefore if 
glasses are designed to absorb these marginal rays (near 
the lower shoulders of the luminosity curve) great reduc- 
tions in transmitted heat are accompanied by quite small 
losses in light. In the extreme this method of solar heat 
absorption breaks down because the partial absorption 
of the marginal light rays decreases the proper intensities 
of the marginal colors violet, blue and red with the re- 
sult that the glass shows too strong a residual color 
which may be blue-green, green or yellow-green. 


Action of Heat-Absorbing Glass. The complete action 
of these glasses must be understood in order to obtain 
the maximum benefit from their use. In the first place 
the differential action which makes them superior to 
ordinary glass in daylight applications is only effective 
for solar radiation. In windows on the north side of a 
building or in any other windows which do not receive 
direct sunlight these glasses have no superiority. 

In the second place when solar radiation strikes the 
glass a portion of the light and heat is reflected out- 
ward from the surfaces, a portion is absorbed in the 
glass itcelf and a portion is transmitted into the building. 
The reflected portion varies with the angle at which the 
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Fig. 3. Heat radiation losses by warm room to cold window glass. 
In winter when the temperature of the window glass is much lower than 
the temperature of the room, the room loses heat by radiation to the 

window in amounts indicated by the curve. 


rays strike the glass. It amounts to about 8 per cent at 
normal incidence, 10 per cent at 30 degrees, 19 per cent 
at 60 degrees, 45 per cent at 75 degrees, and approaches 
100 per cent at grazing incidence. This radiant energy 
is lost out-of-doors and may be forgotten. The absorbed 
portion, which may amount to about half the solar energy 
which actually penetrates into the glass, is converted into 
sensible heat and raises the temperature of the glass 
itself. Part of the heat from the hot glass is carried 
away by convection currents in the air which it heats by 
contact. A very small amount is conducted away by con- 
tact with the window frame and quite a large portion is 
reradiated. All surfaces radiate heat to each other in 
amounts dependent on their temperatures. Fig. 2 shows 
the heat radiated by every square foot of window glass 
which is at a temperature shown on the vertical axis, 
into a room having a temperature of 75 degrees F.* The 
reradiated heat cannot be easily controlled but will in 
all cases be dissipated in nearly equal amounts from 
the inner and outer surfaces of the glass. Possibly by 
suitable design of the window or skylight frames the 
heated air produced on the inside of the window may 
be led out-of-doors thus removing from the building an 
additional part of the converted solar heat. Incidentally, 
the process reverses in the winter and a room at 75 de- 
grees F will radiate to a cold window pane of any kind 
of glass an amount of heat per sq. ft. of window which 
is shown on the curve in Fig. 3 for windows at the 
temperatures shown on the vertical axis of the curve. 

This description of the final disposal of solar heat may 
sound pessimistic in theory, but in actual practice a 
worthwhile amount of solar heat is kept out of the build- 
ing and in addition the portion which’is admitted by 
these secondary processes is so diffused that the workers 
should feel more cool and comfortable than they would 
be in sunlight transmitted through ordinary glass. 

Having discussed the character of solar radiation and 
the duties which heat-absorbing glasses must perform, 
the following paragraphs will show the performance of 
some commercially available, practical glasses. 

Data.on a Commercial Glass. -The cata for samples 
of quarter-inch heat-absorbing plate glacs made by the 
Pittsburgh Plate Glass Company are shown. in Fig. 4. 
According to the chart, glass of this thickness will 
transmit about 79 per cent of the sun’s light and about 
43 per cent of the sun’s heat. The reason for so large 
a difference between light and heat is clear from a study 
of the spectral transmission curve shown in the lower 
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Trenmission Dete om Reet adsorbing Clase 
Made by the Pitteburg Pie's Clase Compeny 


‘Thickness of sample 0.265 in. (6.66 =m.) 
7 i ig 
quell Resnsnne 
‘The wD 0.78 0.435 
‘Rungstes (¢. 7.8848") 0.75 «80.88 
e = © 0.78f 0.40 


Measured with Light absorbing, heet transmitting 
filter. 


0.ne* 
04g? 





Piecoured with filter converting 2848°E to ween Zw 
ound ight. 


0.8 1.0 


o.4 
Soler leet Tranission Factor 


Messeret with filter converting 2868°K te 
@pprosimate solar energy. 


Trepamission Factor 





0.3 O48 0.3 0.8 0.9 0.73 1.0 1.8 2.0 2.8 3.90 
Vere-length, wicrons 


Fig. 4. Test report on heat-absorbing plate glass. The total light and 
heat transmission factors for various sources are shown at the left. The 
complete spectrophotometric curve is shown below. The curve at the 
upper right relates the three quantities, light transmission, heat trans- 

mission and glass thickness. 


part of Fig. 4. The ultraviolet transmission is greatly 
reduced and the infrared transmission is much less than 
the visible. Were this glass supplied in greater thick- 
ness even greaier improvement would be gained. This 
is shown in the upper curve of Fig. 4 where the solar 
light transmission is plotted against the solar heat trans- 
mission for various glass thicknesses. A neutral glass 
completely without selective heat-aborbing character 
would be represented by the dash line on the curve. The 
degree of departure of the glass curve upward and to 
the left from the neutral line is indicative of the heat- 
absorbing efficiency of the glass. 

Because laboratory measurements are usually more 
convenient and reproducible than measurements of sun- 
light and solar energy, various artificial or laboratory 
substitutes for solar measurements have been proposed. 
Therefore the chart shows the transmission of the glass 
sample using the light and heat from an ordinary tung- 
sten-filament lamp. Results more closely in accord with 
solar measurements can be obtained by using filters 
which modify the spectral distribution of the lamp 
energy and make it more closely resemble the visible 
energy distribution of the sun for light measurements 
and the total energy distribution of the sun for heat 
measurements. Transmission data are therefore shown 
using @ tungsten lamp provided with such ‘filters. ; 

Since as pointed out above, more than a third of the 
total solar energy is radiated in the visible and ultra- 
violet regions, the heat absorption is by no means com- 
pletely characterized by the infrared absorption but is 
affected. to a considerable extent by variations in the 
visible and ultraviolet transmission factors. Neverthe- 
less the infrared transmission factor is of some interest, 
the more so since there are specifications and test methods 
for these glasses which require knowledge of their infra- 
red transmission and in order to compare glasses on 
this basis infrared measurements are included on the 
chat. An appraisal based on infrared transmission may 
be satisfactory in many cases, but for the reasons just ad- 
vanced measurements of total energy transmission form 
a more satisfactory criterion. 

Glass Composition. The introduction of iron and other 
coloring materials can be made to produce glasses which 
absorb strongly in the ultraviolet and the infrared, and 
at the same time maintain a reasonably high selective 
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vicible transparency. It is a well-established fact that 
ferric iron absorbs ultraviolet and conversely that ferrous 
iron is particularly adapted to the absorption of infra- 
red radiation. Also each kind of iron is partially effec- 
tive in absorbing in the region where the other kind has 
such strong absorbing power. The control of the ctate 
of oxidation of the iron therefore determines the specific 
absorption properties of a given glass. Were it possible 
for a given glass to maintain all of the iron in the re- 
duced state a maximum infrared absorption would be 
obtained, while if it were possible to maintain all of the 
iron in the ferric state a maximum ultraviolet absorption 
would be obtained. Normally, of course, the iron which 
is present in any given glass is present as a mixture 
of the two states of oxidation. This precludes the maxi- 
mum absorption in either region of invisible radiation. 

Both forms of iron which act as absorbers of one or the 
other invisible regions are almost equally effective in 
the absorption of visible light. The residual color of 
the glacs will depend on the preponderance of one oxide 
over the other to yield a blue-green, greenish, or yellow- 
green glass, depending on the relation of ferric to 
ferrous iron. For example, as a rough approximation, 
if the distribution of iron is more than 50 per cent ferric 
the resulting color will be blue-green. If both oxides are 
present in equal amount the color will be green and 
if ferrous iron predominates a yellowish-green color will 
be produced. Therefore, in order to maintain the highest 





possible light transmission while at the same time gain- 
ing the greatest possible heat absorption the total 
quantity of ‘iron must be as low as practical and the 
relative quantity of ferrous iron must be as high as 
practical. 

Most of the other glass-making oxides are relatively 
inefficient absorbers of the invisible radiations and 
although they are useful in altering the visible color of 
a glass they are essentially without effect on the heat- 
absorbing properties. 

The choice of batch with its resulting effect on color, 
light transmission, heat transmission, ease of manufac- 
ture, reproducibility and cost, is almost unlimited and 
for that reason in the merchandising of heat-absorbing 
glasses the emphasis must be placed upon factors other 
than light and heat transmission alone. 


1Smithsonian Physical Tables, Eighth Revised Edition, page 608. 

*Two units are in common use for designating wave-lengths. The 
micron, abbreviated p, is one thousand times larger than the millimicron, 
abbreviated mit (not pu). The Angstrom unit which is more commonly 
used in physics than in engineering is ten times smaller than the milli- 
micron. In symbols, lu equals 1000, mp equals 10,000 Angstroms. 

3A paper by Hobbie (Trans. I. E. S. 28, 658 (1933) states that 4-in. 
Coolite mounted in the top of an unventilated box and exposed perpen- 
dicularly to the sun’s rays reached a temperature about 16 deg. F. higher 
than the interior of the box. Coolite is a heat- absorbing glass which in 

-in. thickness transmits about 51 per cent of the incident solar radiation. 
By analogy any heat-absorbing glass in the windows of an unventilated 
room at 75 deg. F would be at least 90 and perhaps 100 deg. F under 
similar weather conditions. At the latter figure glass will radiate about 
9 watts per sq. ft. from the inner surface and probably more from the 
outer surface. Assume a total of 20 watts radiated per sq. ft. The 
incident solar radiation (9000 ft-c and 100 lpw) will amount to about 90 
watts per sq. ft. of which one half will be transmitted and 8 per cent 
reflected, leaving a balance of ‘about 38 watts absorbed. This indicates 
that approximately half of the absorbed heat is radiated and the other 
half is dissipated by other means. 
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THE 200 INCH DISC COMES OUT OF ITS MOULD 


A view of the big reflecting mirror, which was cast at Corning, New York, on March 25. 


George V. Macauley and 


J. C. Hostetter are shown standing on its surface. The shadow in the center is a circular opening 40 inches in diameter 


to admit the passage of light rays. 
cast. 
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The disc took six months to anneal and is the largest solid piece of glass ever 
A duplicate of this disc will be poured later this year. 
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NEW INVENTION DEPARTMENT 


A. P. Despatch dated October 18: “A new type of 
whiskey bottle which the purchaser must destroy to 
obtain a 25 cent piece imbedded in the glass has been 
announced.” 

This item leads us to visualize the operations con- 
nected with the manufacture of whiskey containers under 
this invention. 

The raw material (two-bit pieces) arrive in an 
armored car. (A machine making 25 pints a minute 
requires only $9,000 worth of quarters). From the raw 
material bin (the vault, of course) the quarters are 
automatically fed to the feeding machine, which neatly 
grabs a two-bit piece and shoves it into the bottom 
of the parison. The bottle is blown as usual and sent 
into the lehr. 

As the stress surrounding the quarter has the bad 
habit of causing the bottle to break as it is being an- 
nealed, Dr. Preston is immediately called in to dis- 
cover ways and means of preventing the packers from 
becoming millionaires. 

All cullet is placed in the vault until the quarters 
are reclaimed. An X Ray machine is used to check up 
on all workmen as they leave at the end of the day. 





REFRACTORIES BULLETIN 


Insulating Refractories is the title of a paper appearing 
as Technical Bulletin 51 of the American Refractories 
Institute, by G. A. Bole, research professor, Ohio State 
University. The summary states: “The advantages and 
disadvantages of insulating refractories as now made are 
clearly set forth in the table To reiterate, the advan- 
tages are: a very marked saving in heating up time 
and a very favorable fuel saving. In addition to these 
two outstanding advantages, there is an advantage in 
weight which makes possible a more satisfactory furnace 
construction. These very marked advantages are pitted 
against the selling price. Their acceptance by the trade 
proves that this is a minor consideration in view of the 
advantages gained. 





NEW PROCESS PRINTS ON GLASS 
The American Anigraphic Corporation, New York, an- 
nounces a new process by which label designs, including 
pictorial effects, can be rapidly printed directly on glass 
containers. This “anigraphing” equipment will be li- 
censed to glass container manufacturers. 
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A STUDY IN MOLECULAR ATTRACTION 


The one hundred and five pounds of Miss Alberta Kaesser 
is suspended by nothing more than the molecular attraction 
between the surfaces of two pieces of highly polished optical 
glass, so accurately flat that they will resist a separating! 
force of 95 to 100 pounds per square inch. The surfaces 
are accurate to within a millionth of an inch. These test 
glasses, made by Bausch & Lomb, are part of an exhibit for 
the annual meeting of The Optical Society of America at 
the Bureau of Standards, Washington, D. C. next week. 





HARBISON-WALKER ACQUIRES PATENTS 
The Harbison-Walker Refractories Company, Pittsburgh, 
has announced the acquisition of the American rights to 
the forsterite patents of Goldschmidt and his associates 
through an exclusive royalty granted by Dr. Victor M. 
Goldschmidt of Gottingen, Germany. These patents cover 
refractories made of olivine and of the other magnesium 
silicates. Included in the group are more than a dozen 
United States and Canadian patents. 





FOLDER BY SURFACE COMBUSTION 


An interesting folder on equipment for the glass 
industry was issued recently by Surface Combustion 
Corporation of Toledo. The folder illustrates and de- 
scribes a new lehr and recuperators for tanks and pot 
furnaces built by this company. The folder is on heavy 
stock and is designed so that it may be used as a file cover 
to enclose and preserve other material on equipment 
which this company plans to issue to the glass industry 
frem time to time. Copies of this folder will be furnished 
free on request. Address the Surface Combustion Corpor- 


ation, Toledo, Ohio. 





The R. & H. Chemicals Department of E. I. duPont de 
Nemours & Co. has issued its price lict of chemicals 
for the final quarter of 1934. Copies may be had on 
request. 
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THE STRENGTH OF GLASS 


By K. H. BORCHARD 
German version* in Glashutte, Dresden, Jan. 22, 1934 


SUMMARY. Strength is a function of the Duration Test. 
The earlier methods of testing lead to erroneous conclusions 
as to the strength of glass. References to the Literature 
on the connection between Strength and Time are given. 

T has long been a well-recognized principle to test 

glassware in a manner simulating as closely as 

possible the conditions it must meet in service. 
None the less, although bottles in practice are subjected 
to a long-sustained pressure, yet in testing they are 
subjected to internal pressure only for a very short 
time: in fact it is a common practice to use a steadily 
rising pressure, produced for instance by a hand pump, 
increasing till the bottle goes to pieces. The pressure 
attained at the breaking point, as read on the pressure 
gauge, is then noted as the strength of the bottle.’ 

The test usually lasts only a few seconds all told. 
The method would give correct results if it were known 
that strength were completely independent of the dura- 
tion of test. For instance, suppose that in the above 
“instantaneous” method of testing we find a strength 
of 36 atmospheres (500 lb. per square inch), and the 
service pressure is 4 atmospheres (55 lb./sq. in.), then 
we might believe we had a factor of safety of nine. Or 
let us suppose that, instead of increasing the pressure 
to the breaking point, we hold it steady for a short time 
at 16 atmospheres (220 lb./sq. in.) and the bottle does 
not break, then we might imagine we had a factor of 
safety of at least four. 

Back in 1929 the present writer (Borchard) noticed 
that on long storing, a certain type of bottle (which 
was somewhat weakened, so far as mechanical strength 
was concerned, by a peripheral notch) began to break 
in considerable numbers without apparent cause. The 
short-duration testing methods outlined above showed 
of course that the strength was lowered by the circular 
notch, but generally speaking the tests showed relatively 
good results. Further investigations failed to explain 
the breaking of the bottles under the very much lower 
pressures to which they were subjected in use. 

It follows that the duration of the load must enter 
into the problem, and that the permanent strength of the 
glass must be less than the strength measured by the 
methods previously used. The latter value of the strength 
(i. e. the value found in a test of brief duration) we 
shall describe as the “Breaking Strength” (Bruch- 
festigkeit), while the strength under sustained loading 
we shall call the “Endurance Strength” (Dauerstand- 
festigkeit, or for short Dauerfestigkeit) .? 

The manner in which the observed strength depends 
on the time factor, as well as the underlying principles 
of Endurance testing, have now been under investigation 





*Translator’s Note. I am indebted to Dr. Littleton for calling my at- 
tention to this paper and for a preliminary translation. The present 
translation is fairly literal, but slightly condensed. Borchard gives the 
French reference in the German language, and we have translated it 
from German into English without examining the French version. It is 
therefore not a direct French-English translation, and may not be quite 
so perfect as a direct one. Similarly, the McSwiney reference is here 
translated from German into English, and is not McSwiney’s own words. 
~-F. W. Preston 
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by the present writer (Borchard) in collaboration with 
Professor Keppeler of Hanover for many years. These 
have succeeded in clarifying the theory to a great ex- 
tent, and also in developing simple principles of En- 
durance testing and very simple apparatus for carrying 
out the tests, which will naturally be made easier by 
their general introduction. 

It is interesting to note that as far back as 1894 the 
correct principles of bottle testing had already been 
laid down. These principles are given in the work of 
Appert and Henrivaux, “Verre et Verrerie” (Paris, 
1894) : 

“It is easy to chow that bottles, like all other elastic 
bodies, undergo changes of volume when subjected to 
pressure, the volume changes being proportional to the 
applied pressure. If, under certain circumstances, the 
elastic limits of the glass are passed, the bottle will retain 
part of the expansion and will not again resume its 
original volume. Salleron gives the following figures: 

Bottles of 985 and 825 c.c. volume (55 to 65 cubic 
inches—approximately a quart size) 


Pressure in atmospheres 


(Ib./sq. in.) ...... 10 (140) 13(180) 14 (195) 
Increase in volume (c.c.) 0.6 0.8 0.9 


“Bottles which have been overstrained lose their strength 
and go to pieces under a very low pressure. From 
this we conclude that the glass manufacturer should not 
strive simply to make bottles which do not break under 
excessive pressures, but rather bottles which under more 
normal pressures undergo no permanent increase of 
volume. Similarly, in testing bottles he will be con- 
tent to subject them to a pressure of only 10 atmospheres 
(140 lb./sq. in.) which will bring about a permanent 
volume change only in unequivocally imperfect bottles. 
If the pressure be raised to 30 atmospheres (400 lb./sq. 
in.), there will forthwith result the apparent contra- 
diction that these bottles, which have withstood suc- 
cessfully this high pressure, will break more easily under 
a steady pressure of 8-10 atmospheres (100-140 Ib./sq. 
in.) than bottles which have not been so tested.” 

Whether Salleron’s measurements were really not 
errors of observation, and whether his concept of 
“permanent set” as applied to bottles really coincides with 
the truth of the matter, is for our purpose immaterial; 
what is important is, that reference is here made to the 
necessity of endurance testing, and that this reference 
has remained wholly unobserved. 

In more recent times independent investigations of 
duration-testing have been undertaken, such as those of 
Hermann in a large Bohemian bottle works. 

“The result of a large series of investigations showed 
that bottles which were perfect as far as the eye could 
see, would stand an internal pressure of 10 atmospheres 
(140 Ib./sq. in.) perfectly well if their volume did not 
exceed 1 liter (say 1 quart). Of the bottles which 
broke. many stood the steady pressure for more than 
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an hour and then burst without obvious cause. If a 
small stone were prezent, the break might arise equally 
well from the internal pressure or from the presence 
of the stone. In the absence of such defects, the elapsed 
time before failure occurred was very variable, but most 
often between 10 and 40 minutes, if the bottle broke at 
all. On the whole, it may be considered that bottles 
up to 1 liter (1 quart) capacity may be regarded as 
entirely satisfactory if they stand a steady pressure of 
10 atmospheres (140 Ib./sq. in.).”* 

Grenet carried out several investigations upon the 
influence of the duration of the load on the cross-bend- 
ing and tensile strengths of flat glass. (Bulletin de la 
Societe d’Encouragement de I'Industrie, 1899, p. 839; 
referred to by Le Chatelier, Kieselsaure und Silikate 
(Silica and Silicate) German version Leipzig 1920, p. 
247-249). The cross bending tests, made upon plate 
glass laths 3 mm. x 25 mm. (14" x 1”) supported on 
two knife edges 100 mm. (4”) apart and loaded in the 
middle, gave the following results: 


Duration of Test .... lsec. 40min. 2hrs. 40hrs. 
es gi TCP Tae > 4.7 4.2 5B 
Modulus of Rupture 
(Ib./sq. in.)® ... ...10,200 6,700 6,000 4,700 


Thus we see that the Modulus of Rupture or Cross- 
bending strength under a load lasting only 40 hrs. has 
already fallen to less than half the value found in a 
test of one second’s duration.® From this it is obvious 
that short-time testing leads to quite erroneous notions 
as to the strength of glass. 

McSwiney, in The Gass INpustry 7 (1926) p. 261, 
observes that the resistance of bottles to sustained press- 
ure appears to be less than that to short-time loads. 
McSwiney refers to the investigation of Preston (A Study 
of the Rupture of Glass, Journ. Soc. Glass Tech. 10 
(1926), p. 239) in which the fracturing of glass was 
investigated, and concludes that in this problem we 
have to deal with some sort of delayed action whose 
nature is not entirely clear. 

A number of quotations on these matters is listed in 
Dralle-Keppeler, “Die Glasfabrikation” (1931) Vol. 2. 
pp. 1099-1101. 

The researches of Graf (Dauerfestigkeit der Werk- 
stoffen und Constructions elemente—‘“Mechanical En- 
durance of Materials and Elements of Construction”— 
Springer, 1929) led him to the following conclusion: 

“The decline of strength has proceeded so rapidly 
in the first few minutes that in an experiment of longer 
duration the additional decline appears unimportant. 
The fact that the duration of the test influences the 
strength of glass appreciably, appears to be in contra- 
diction to the ideas set forth on page 29 et seqq; viz, 
that the Endurance-Strength depends on the natural 
elastic limit of the material, since up to the present no 
“permanent set” has very definitely been observed in 
glass.”* 

Gehlhoff has worked on the fact that glass, like 
crystals, has defects of structure into which one can 
introduce gases and water. Such faulty spots would be 
of less importance under brief loads than under loads 
of longer duration. 

To what extent these notions can be brought into 
harmony with the appearance of the break in cross sec- 
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tion, after the fracture has beon propaga‘ed, un er sieady 
or rapidly increasing stress, from its point of origin, 
deserves further investigation.” 

We must regard Wohler® as the real founder of fatigue 
(“duration”) tests of materials of construction, since 
as long ago as 1870 he pointed out that the so-called “fac- 
tor of safety” in engineering calculations is really a “fac- 
tor of insecurity.” More particularly we fall back upon 
the factor of safety to cover up the fact that in testing 
we use a test of very limited duration, whereas in serv- 
ice the materials are required to withstand prolonged 
loading. 

Fatigue-testing (Endurance-Testing) gives at once a 
logarithmic law connecting the creep-stress of materials 
with duration of test.1°'! The logarithmic curve at high 
values of the duration becomes asymptotic to a straight 
line, whose position indicates the final strength under 
sustained load (Dauerfestigkeit) .* 

Even before Wohler, Fairbain enunciated the empirical 
rule, that under alternating stresses, a stress of one- 
third the ordinary static breaking stress can still pro- 
duce fracture, whereas one-fourth the ordinary static 
breaking stress is safe enough.” 

The foregoing quotations from the literature agree at 
least on one thing, that the Endurance-Strength of glass 
must be less than its Breaking-Strength as ordinarily 
tested. Quantitative measurements on the connection be- 
tween the strength of glass bottles and the duration of 
the pressure, on the influence of experimental conditions 
and of the bottle’s pecularities on the results obtained, 
and investigations which will aid in simplifying the 
determination of Endurance-Strength, are needed. In 
the construction of apparatus for Fatigue-Testing we 
need to know the influence of the experimental condi- 
tions upon the results obtained, and consequently new 
designs of testing machines must be developed. 

In the long run, theoretical clarity can only be at- 
tained through a study of the processes of deformation* 
which precede the fracturing. 

The results of the research will be presented elsewhere. 
Any exhaustive treatment of the subject would overstep 
the bounds of a short account of the literature on the 
Strength of Glass. 





1Translator’s Note. In the German article, the words “in atmospheres” 
are added, but as the same article later on quotes the strength of laths 
in kilograms per square millimeter, and Christian people will prefer 
pounds per square inch to either, we omit the words “in atmospheres” as 
irrelevant. 

*Translator’s Note. English and American technologists might do well 
to note the significance of these German terms as thus defined by Bor- 
chard; the proper English terms will have to wait till evidence is pro- 
duced that the German terms really correspond to clearly defined phy- 
sical facts. 

*Translator’s Note. This would leave the siphon manufacturer hich 
and dry, as his bottles are supposed to stand a service pressure (not a 
testing pressure) of 180 lb./sq. in. indefinitely. 

‘Translator’s Note. Undoubtedly a misprint for kg/mm*. Metric units 
confuse even their devotees. 

‘Christian version added by translator. 

*This rate of decline is unusually high. F. W. P. 

"See Le Chatelier, Kieselsaure und Silikate 1920, pp. 247 et sequ. Graf, 
Glastechnische Berichte, Vol. IIT. pp. 156-7. 

Welter Z. V. D. I. (Zetschnift von Deuches Ingenieure?) 1926, pp. 
772 et seqq. 

Kirner measured the residual deformation under pressure tests in ? 
Fiaft 88 of Mitt, Forsch. Arb. 1910. p. 28. 

‘Graf, Glastechn. Berichte, Vol. Il, p. 171, 1925-6: Vol. V. p. 437, 


976-7. 

Gehlhoff and Thomas, Z. tech. Physik. Vol. 7, p. 109 (1926). 

"See other Graf, loc. cit. 

“See Foppel-Becker-Heydekamnf: “Dauerprufung der Werkst>ffe” 

(Fatigue Testing of Engineering Materials) Springer 1929. 
_ "'Translator’s Note. This bald statement is ambiguous enough. as it 
is not evident which item, time or strength, is to be plotted logarithmically, 
or whether both are. The next sentence makes the confusion worse con- 
founded. 

"Translator’s Note. Borchard is still talking, presumably of materials 
of construction, such as steel. While glass may act the same way, the 
evidence he has so far adduced does not prove it, or even support it. An 
analysis of the data will be given later. 
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OPTICAL GLASS IN THE U.S. 8S. R. 


By I. V. GREBENSTCHIKOV* 


V. GREBENSTCHIKOV, member of the Soviet Acad- 

emy of Sciences in Leningrad, has contributed an 

@ illuminating article on achievements in optical 

glass manufacture in the U. S. S. R. to a volume entitled 

“Scientific Leningrad.” Published as a symposium by 

fifty leading Soviet scientists, the work covers the prog- 

ress in various sciences in the Soviet Union. The abstract 
of Professor Grebenstchikov’s paper follows: 

The role and significance of optical glass in the life 
of cultured peoples in modern times is extremely im- 
portant. In the pre-war period optical glass was pro- 
duced in three centers of the world: Jena, Germany; 
Paris, France; and Birmingham, England. All these 
establishments were organized about 25 to 30 years prev- 
ious to this, adopting the method of Pierre-Louis Guin- 
and, who in 1784 developed a special method for mixing 
ingredients that resulted in giving to the glass a homo- 
geneous character. 

Up to the time of the War the production of optical 
glass in countries other than the three above was not 
organized, as it was too difficult and involved too much 
expense. This is explained by the fact that the methods 
of production were never published, but were kept as 
a great secret. The production of optical glass in the 
U.S.S.R. was started during the War, was then temporarily 
stopped during the civil war, but was newly reorganized 
and can really be considered a child of the October 
Revolution. At the present time we have two optical 
glass factories. Their annual production is twice as 
large as the pre-war production of the Schott factory in 
Jena, which almost had a monopoly of the supply of 
optical glass in the world. (The factory of Para-Mantois, 


*Translated from the Russian ty J. N. Pincus. 


in Paris, and that of Chance, in Birmingham, led a mis- 
erable existence. ) 

As to the diversity of glacs, the size of the industry, and 
quality, the optical goods production of the Soviet 
Union is now self-sufficient, and the importation of 
optical glass from foreign countries has been almost en- 
tirely discontinued. The cost of production, which is 
the most important index of technological processes, is 
favorable. 

In the development of optical glass production in the 
U.S.S.R. the State Optical Institute (known by the Rus- 
sian abbreviation as GOI) has played a very important 
part. GOI was organized in 1918, and took upon itself 
all of the problems of optical glass production. The 
nrst optical glass factory in Leningrad, Lenzos, also 
played an historical part in the development of the indus- 
try. Thanks to the energy and persistence of D. 5. 
Rojdvestenski, then director of GOI, the Government 
agencies were impressed with the importance of the 
product, and the production of optical glass was pushed 
to the established quota. 

The work of the Institute was started in rented quarters 
with a very limited number of workers, but the organiza- 
tion set-up for all the principal laboratories necessary 
for the development of optical technique was planned 
at the time the Institute was organized. Calculation 
bureaus, technical laboratories, laboratories for optical 
glass, and shops for the production of glass initiated 
started the work, creating a personnel of qualified work- 
ers, and accumulating the necessary knowledge for assist- 
ing in future help to the optical goods industry. At the 
present time calculations of all optical systems are under- 
stood by the Calculation Bureau of GOI, and the most 





© SOVFOTO. 


Dagestankie Ogni (Dastegan Fires), one of the Soviet’s newest glass factories. 
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complicated probelms do not present any particular 
difficulties. Not only are the objectives of microscopes 
of various sizes and light-gathering wide angle photo- 
graphic objectives known, but definite methods of calcu- 
lation have been established. At the same time the 
whole range of possible optical glasses known in Western 
European industry has been studied. With the assistance 
and co-operation of both our optical factories, Lenzos 
and Izos, the influence of the chemical composition of 
the glass on the optical and chemical qualities were 
studied. The complicated processes of the annealing of 
glass have been solved. At the present time the prop- 
erties of glass in the molten condition—viscosity, con- 
ductivity, and crystallization tendencies—are being stud- 
ied. 

The production of the optical glass factories is grow- 
ing, not only on account of increases in the staff of work- 
ers, but thanks to changes in the processes. One of these 
changes is the introduction of the continuous process of 
mixing the glass, which has shortened the melting time 
from 72 hours to 28-24, and thus increased production 
and decreased costs two to two and one-half times. -This 
was accomplished by the combined efforts of the Institute 
and Lenzos. 

The work of GOI in the study of methods of determina- 
tion of optical constants, making it possible to do this 
in a few minutes, has changed the methods of preparation 
of flint glass. 

Great successes have been achieved by the factories m 
manufacturing large discs of optical glass for astronomi- 
cal instruments. The manufacture of such discs presents 


great difficulties. The order of the Pulkov Observatory 





to the English firm, Derby Glass Company, could not be 
filled for 10 years. Both the Lenzos and Izos factories 
have produced discs of satisfactory quality. Great suc- 
cess has been achieved in the field of research on the 
nature and constitution of glass and its properties. We 
shall mention only one such study here, pertaining to the 
surface properties of glass. Close study of the chemical 
resistance of glass according to the method of Mylius re- 
sulted, among our workers of the Institute, in a whole 
series of unexpected and exceedingly interesting conclu- 
sions. The essence of Mylius’ method is that freshly 
broken surfaces of glass are immersed for one minute in 
liquid ether, after which a determination is made of the 
decomposition which has taken place during this period. 

Careful examination of this process revealed that the 
reaction of decomposition is very rapid during the first 
moment. Afterwards certain conditions arise on the sur- 
face of the glass which stop or slow down the further 
progress of the reaction. Investigation showed the ap- 
pearance on the surface of the glass of a film which has 
protective qualities. It was found that this film is 
formed as a result of hydrolysis of silicate compounds, 
and has the properties of silicic acid and can absorb 
other colloidal substances and electrolytes. This film 
adheres to the vitreous surface of the glass in a uniform 
and firmly attached layer, and its presence cannot be 
determined by the usual methods, though its actual pres- 
ence has been proven beyond any doubt. Two special 
methods for its determination have been found, and have 
given concordant results. The thickness of this film 
varies according to the decomposition of the glass in the 
comparatively narrow limits of 15 to 70 Angstroms. 


A general view of the Gomel Glass Works. 


250 


THE GLASS INDUSTRY 





























On account of its insolubility in water, the film acts as 
an excellent protection against further attack, and its 
presence is thus analagous in effect to the presence of 


corrosion on metals. The experiences of the Institute 
have shown that the chemical stability of glass articles 
is determined by the quality of the surface film and re- 
actions between it and solutions of electrolytes. 

In addition, the whole series of processes in the manu- 
facture of glass, such as grinding, polishing, and cutting, 
which up to now have been considered purely mechanical, 
should be considered as processes of chemical character. 
These processes are extremely complicated. In these 
purely chemical reactions adsorption and mechanical 
phenomena are simultaneous. At the present time the at- 
tention of the workers of the chemical section of the 
Institute is concentrated on the polishing of glass. Some 
of their conclusions are given below: 


On account of the action of water in the hydrolysis of 
silicates, the surface of the glass is covered with a thin, 
finely-distributed layer of colloidal silicic acid (several 
tenths of Angstroms). The powder used for the polish- 
ing of the glass, usually crocus, is simultaneously ad- 
sorbed by the polisher and the colloidal film, and thus 
binds the surfaces. With the relative movement of the 
surface of the polisher and that of the polished glass. the 
colloidal protective film is taken off from all the high 
points, and the exposed surface of the glass is immedi- 
ately covered with another protective film by the action 
of the water or of moist air. As a result of this continu- 
ous repetition of the above-mentioned processes, an even, 
shining, or polished surface is obtained. 





The maximum protuberances and inequalities are equal 
to the thickness of the protective film, or about several 
tenths of Angstrom units. The surface will not have any 
scratches, as it was not formed by the cutting off of protu- 
berances by an abrasive material, but by the chemical 
action and the consequent formation of protective films. 
As a result of this theoretical deduction, it was found pos- 
sible to explain many phenomena in connection with 
various technologic processes in the manufacture of glass, 
to improve them, and to introduce them into the practice 
of glass factories. 

Considerable has been done in the study of optical 
glass and the processes of manufacture; a personnel of 
scientific workers has been trained; a large number of 
new problems have been created, and some of them have 
been solved, but there are still innumerable questions of 
great significance, both in theory and practice, that have 
not been solved. — 

Proud of the achieved results and certain of future 
successes, both the factory and scientific workers, closely 
united by the ideal of building a classless society, will 
continue with greater enthusiasm and greater ardor this 
great cultural work which has fallen to their lot. 





In the catalog describing the exhibit of the Bausch & 
Lomb Optical Co. at the recent annual meeting of the 
Optical Society of America, we found listed “The 
N. R. A. Spotting Telescope.” Wondering what new de- 
vice of code enforcement this might prove to be, we 
read further. But N. R. A., it seems, referred to the 


National Rifle Association. 





This plant was originally fitted throughout with Soviet material. 
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EQG@UIPMENT AND SUPPLIES 


PRESSURE TESTING MACHINES 


A new pressure testing machine has recently been de- 
signed and developed by F. W. Preston, Butler, Pa. to 
assure suitable testing of bottles for acceptance or re- 
jection by the pressure test method. The machine now 
offered is intended to effect such a test with precision 
and with ease and convenience in operation. 

In the Type B machine, the pressure is developed in 
the bottle itself by a plunger loaded with weights. This 
load, being gravitational, is the most constant that can 
be devised. It is kept absolutely constant by the steady 
rotation of the plunger by a power drive (1/20 H. P. 
motor included with the machine). This rotation com- 
pletely nullifies friction on the spindle bearings or in 
the packing, and tests show the pressure to be absolutely 
steady. Pressures up to 1500 lb. per sq. inch have been 
used, and under this load the test can be continued if 
necessary for several hours. 

There are no external pumps, no hydraulic piping, 
and therefore no danger from these. The breaking of a 
bottle under test does not affect in any way the bottles 
on neighboring testing machines. Each machine is 
self contained. 

City water, at any convenient pressure (40 Ib/sq. in. 
or better) is used to raise and lower the weighing system 
and plunger. This pressure has no connection whatever 
with the bottle, and is merely to save muscular effort in 
lifting the weights after a test. Thus a girl can perfectly 
well work the machine. 

The operator does not have to handle broken glass. 
All broken glass is discharged through the cullet chute 
to the cullet can, which alco receives the spilled water 





from a broken bottle. No time is lost from a bottle 
breaking. Under normal testing, the bottles pass the 
test and need not be thrown away. It is a “deadline” test 
and when any appreciable percentage of bottles is being 
tested, the saving of bottles may be useful. 

The bottles are supported by the neck only, and not by 
the base. This gives a test resembling practical condi- 
tions, and also permits bottles of different heights and 
sizes to be tested without adjusting the machine, provid- 
ed the “finishes” are substantially similar. Adjustment 
is provided for finishes of greatly varying height, how- 
ever. 

It takes, normally, ten to fifteen seconds to raise the 
plunger, remove a tested bottle, put in a new bottle, and 
lower the plunger. Thus a test occupying a net 60 
second can be completed in 75 seconds or less, and one 
man can run 4 or 5 machines. 


NEW METAL-TO-GLASS SEAL 


A new metal-to-glass seal has been developed by the 
Research Laboratory of the General Electric Company 
which, because of the certainty with which tight and re- 
liable joints can be made between glass and the alloy 
called Fernico, has opened up many possibilities in the 
development of various classes of vacuum tubes and 
other devices wherein leading-in wires or conducting 
parts must pass through gas-tight insulating seals or 
themselves form part of a gas-tight chamber. 

Fernico can be machined, forged, punched, drawn, 
stamped, soldered, copper-brazed and welded with a 
facility equal to that with which these operations can 
be performed on a high-grade nickel-iron. 

The physical characteristic of Fernico which makes 
possible its successful fusion with glass, is its expansion 
curve, which coincides almost exactly with that of cer- 
tain glasses. For this reason, no stresses are set up in 
either the glass or the alloy when cooling from the fusion 
temperature. This lack of initial internal stresses in the 
completed glass—Fernico seal makes the seal perma- 
nently tight and unusually sturdy. Furthermore, no more 
care in cooling the combination is necessary than in 
dealing with glass alone. 


TOLEDO MOULD MOVES TO NEW FACTORY 
The Toledo Mould Company of Toledo, Ohio, manufac- 


turers of glassware moulds for all types of machines, 
have moved to their new factory building located at 1920 
Clinton Street in that city. The change to the new 
quarters from their old location in the Toledo Factories 
Building is the result of the recent growth of the com- 
pany following the past year’s stimulation in the glass- 
ware industry. Officials of the company state that the 
new factory will give their customers the advantages of 
the maximum of service and quality of workmanship. 


Link-Belt Company, Chicago, manufacturers of con- 
veying and power transmitting machinery, are now pub- 
lishing a newspaper “Link-Belt News.” It is sent gratis 
to anyone requesting it on a business letterhead. 


THE GLASS INDUSTRY 














} 














BIBLIOGRAPHY OF ALUMINA AND FELDSPAR 
IN TRANSPARENT GLASS (1918 to 1933) 
Compiled by Waring Bradley and Donald E. Sharp* 
for THE FELDSPAR ASSOCIATION 


This bibliography is intended to cover the literature of ap- 
proximately the last fifteen years. However, a few much 
earlier references have been included, and it is quite possible 
that some references have been overlooked. No references to 
textbooks have been included because, in general, such 
textbook material had its source in technical journals, and 
hence is available here in original sources. 

A few articles are listed which covered research on various 
properties of glass and in which there was no intention of 
considering the influence of alumina. These articles have 
been included either because they were of interest as in- 
dicating what happened in the absence of alumina, or because 
the adventitious alumina content of some of the glasses was 
sufficiently great to warrant their inclusion as alumina 
containing glasses. 

Some of the articles, too, have reference to the use of 
alumina in ceramic bodies, but not necessarily in glass. 
When these have been included, it is because there was 
some direct or indirect reason for so doing, under the theory 
that it is better to have such a bibliography comprehensive 
rather than lacking in completeness. 

The title of the article, the author, and the original source 
of publication are given in each instance. Instead of a brief 
abstract which often is of little value, references are given 
to the more complete abstracts to be found in the Journal 
of the American Ceramic Society, Chemical Abstracts and 
Journal of the Society of Glass Technology. 
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Greig. 

J. Amer. Cer. Soc. 7, 238 (1924). 

Abs. J. Soc. Glass Tech. 8, A100 (1924). 

Abs. Chem. Abs. 18, 2587 (1924). 

109. The System A1.0,—SiO.. 

Bull. Amer. Cer. Soc. 7, 386 (1924). A discussion on the 
paper of N. L. Bowen and J. W. Greig. 

J. Amer. Cer. Soc. 7, 283 (1924). 

Abs. J. Soc. Glass Tech. 8, A256 (1924). 

Abs. Chem. Abs. 18, 2587 (1924). 

110. Further Investigations of the Influence of Alumina on 
the Properties of Glass. V. Dimbleby, S. English and 
F. W. Hodkin, W. E. S. Turner. 

J. Soc. Glass Tech. 8, T173 (1924). 

Abs. Chem. Abs. 18, 3690 (1924). 

Abs. J. A. Cer. Soc. 8, A5 (1925). 


111. Dr. Shively on the Use of Alumina in Glass. Dr. H. 
R. Shively. 

Glass Industry 5, 165 (1924). 

Abs. J. A. Cer. Soc. 7, A344 (1924). 


112. Correlation of the Melting Point Relations with the 
Properties of the Glasses. G. W. Morey and N. L. 
Bowen. 

J. Soc. Glass Tech. 9, T255 (1925). 

Abs. Chem. Abs. 20, 3624 (1926). 


113. Glass for Insulation and Ultra Violet Transmission. 
F. M. and F. J. Locke. U. S. Pat. No. 1529259, Mar. 
10, 1925. 

Abs. J. A. Cer. Soc. 8, A130 (1925). 


114. The Silicate Formula and the Constituents of Glass. 
H. Hermann. 

Sprechsaal 58, 546, (1925). 

Abs. J. Soc. Glass Tech. 9, 266A (1925). 

Abs. Chem. Abs. 20, 2731 (1926). 


115. Some Physical Properties of Silicate Glasses and Their 
Possible Bearing on the History of Igneous Rocks. W. 
E. S. Turner. 

Trans. Ferad. Soc. 20, 481 (1925). 

Abs. J. Soc. Glass Tech. 9, A197 (1925). 

Abs. Chem. Abs. 19, 455 (1925). 

116. Soda-Lime-Alumina-Silicates. S. English. 

J. Soc. Glass Tech. 9, T92 (1925). 

Abs. Chem. Abs. 19, 385 (1925). 


117. Stability Relationship of the Modifications in the 
Polymorphic System Al1,Si O;. F. Neumann. 

Zeitsch. Anorg. Chem. 145, 193 (1925). 

Abs. J. Soc. Glass Tech. 9, A216 (1925). 

Abs. J. A. Cer. Soc. 8, A358 (1925). 


118. The Lower Ternary Eutectic and its Relation to Glass 
Compositions. G. W. Morey and N. L. Bowxva. 

J. Soc. Glass Tech. 9, T252 (1925). 

Abs. Chem. Abs. 20, 3624 (1926). 


119. Ampoules for Chemical Testing. S. Kubota. 
Brit. Pat. No. 233227, June 24, 1925. 

Abs. J. Soc. Glass Tech. 9, A287 (1925). 

120. The Testing of Chemical Glassware. W. Tepohl. 
Z. Instrumentenkunde 45, 389 (1925). 
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Abs. J. Soc. Glass Tech. 9, A268 (1925). 

Abs. Chem. Abs. 20, 3218 (1926). 

121. The Resistance of Some Chemical Glasses to Chemical 
Reagents. D. Migliacci. 

Ann. Chem. Applicata. 15, 87 (1925). 

Abs. J. Soc. Glass Tech. 9, A268 (1925). 

Abs. Chem. Abs. 19, 2731 (1925). 


122. An Attempt to Improve the Qualities of Glasses In- 
tended for Lamp Working Purposes. W. E. S. Turner. 

J. Soc. Glass Tech. 9, T133 (1925). 

Abs. Chem. Abs. 20, 1502 (1926). 

Abs. J. A. Cer. Soc. 8, A301 (1925). 

123. The Durability of Medical Glasses and the Testing 
Thereof. E. Urbschat. 

Keram. Rundshau 33, 812, 829 (1925). 

Abs. J. Soc. Glass Tech. 10, Al3 (1926). 

124. Vitreous Compositions. E. C. Buck. 

U. S. Pat. No. 1570202, Jan. 19, 1926. 


125. Glass for Electric Lamps. Arthur H. Compton, U. S. 
Pat. No. 1570876, Jan. 26, 1926. 

126. The Sensitiveness of Some Kinds of Glass to the Ac- 
tion of Chemical Reagents. E. E. Klamer. 

Chem. Weekblad 22, 140 (1925). 

Abs. J. Soc. Glass Tech. 10, 102A (1926). 

Abs. J. A. Cer. Soc. 8, A217 (1925). 

127. Synthetic Aluminum Silicate. W. Eitel. 

Glasstech Ber. 3, 122 (1925). 

Abs. J. Soc. Glass Tech. 10, A42 (1926). 

Abs. J. A. Cer. Soc. 8, A357 (1925). 

128. Optical Glasses Containing Boric Oxide, Alumina, 
Barium Oxide, etc. 

Schott & Gen. Brit. Pat. No. 219972, July 25, 1924. 

Abs. J. Soc. Glass Tech. 9, A6é (1925). 

Abs. J. A. Cer. Soc. 8, A105 (1925). 

129. Electrical Conductivity Measurements in Cryolite-Alu- 
mina Fusions. K. Arndt, and W. Kolass. 

Z. Electrochem. 30, 12 (1924). 

Abs. J. Soc. Glass Tech. 9, A15 (1925). 

130. The Weathering of Bulb Glass. S. Takahashi. 

J. Jap. Ceram. Assoc. 22, 233 (1924) from J. Soc. Chem. Ind. 
44, 100B (1925). 

Abs. J. Soc. Glass Tech. 9, A112 (1925). 

Abs. J. A. Cer. Soc. 8, A67 (1925). 

Abs. Chem. Abs. 19, 1479 (1925). 


131. The Chemistry of the Silicates on the Basis of the 
Co-ordination Theory. J. Jakob. 

Sprechsaal, 59, 1, 19, 37, 55, 75 (1926). 

Abs. J. Soc. Glass Tech. 10, A105 (1926). 

Abs. J. A. Cer. Soc. 10, A622 (1927). 

Abs. Chem. Abs. 21, 2967 (1927). 


132. Some Glasshouse Tests to Determine Differences in 
the General Characteristics and in the Working Prop- 
erties of Molten Glass. W. E. S. Turner. 

J. Soc. Glass Tech. 10, T374 (1926). 

Abs. Chem. Abs. 21, 2365 (1927). 

Abs. J. A. Cer. Soc. 10, A214 (1927). 

133. The Fining of Pure and Aluminous Alkail-Lime-Sili- 
cate Glasses by Means of Saltcake or Arsenious Oxide. 
E. Zschimmer, E. Zimpelmann and L. Riedel. 

Sprechsaal 59; 331, 353, 393, 422 (1926). 

Abs. J. Soc. Glass Tech. 10, A238 (1926). 

Abs. J. A. Cer. Soc. 10, A38 (1927). 

134. The Effect of Composition on the Viscosity of Glass. 
Part IV. Calculation of the Influence of Minor Con- 
stituents. S. English. 

J. Soc. Glass Tech. 10, T52 (1926). 

Abs. Chem. Abs. 21, 2175 (1927). 

135. The Temperature Time Curve for Visible Devitrifi- 
cation in Window Glass. E. Zschimmer and A. 
Dietzel. 

yo — 7, 278, (1926) from Glassindustrie 34, 349 

Abs. J. Soc. Glass Tech. 10, A236 (1926). 

Abs. J. A. Cer. Soc. 10, A14 (1927). 

136. Tank Control and Devitrification. H. Insley. 

Glass Ind. 7, 1 (1926). 

Abs. J. Soc. Glass Tech. 10, A95 (1926). 

Abs. Chem. Abs. 20, 1503 (1926). 

137. Can the Study of Devitrification Lead to Technological 
Knowledge? H. Hermann. 

Sprechsaal 59, 142 (1926). 

Abs. J. Soc. Glass Tech. 10, A95 (1926). 

(To be concluded in the December number) 
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CURRENT PRICES OF GLASS-MAKING MATERIALS 


FURNISHED BY PRODUCERS, MANUFACTURERS AND DEALERS 


Acid 
SO ons pen cd esedeetakas Hab en Ib. 
Hydrochloric (HCl) 20° tanks ...Per 100 4 
Hydrofluoric (HF) 60% (lead carboy)... 
52% and 48% 
Nitric (HNOs) 130 Ib. carboy ext. Per 100 Ib. 


Sulphuric (H2SO.s) 66° tank cars ...... ton 
MEE. celccuWcnccccemasssecusceeetece Ib. 
BE GE © 5 ddd cincecicvadeoowus gal. 
Aluminum hydrate (Al (OH)s)............ Ib. 
Aluminum oxide (AlzOs).............0606: Ib. 
Ammonium bicarbonate (f.o.b. works)....... Ib. 
ek Bs Ed... Ib. 

Ammonium bifluoride (NHs)FHF.......... Ib. 
Ammonium nitrate (NHs«NOs) ........... Ib. 
Ammonia water (NHs:OH) 26° drums..... Ib. 
Antimonate of Sodium ................++: Ib. 
Antimony oxide (Sb2Os)...............--- Ib. 
Antimony sulphide (SbeSs).............--- Ib. 


Arsenic trioxide (As2Os) (dense white) 99%. .Ib 
Barium carbonate (BaCOs), Crude, (Witherite) 


90%, 99% through 200 mesh..........-. ton 
90% through 100 mesh............0000-. ton 
Barium hydrate (Ba(OH)s2)..............- Ib. 
Barium nitrate (Ba(NOs)2)............-.- Ib. 
Barium selenite (BaSeOs)...............--- Ib. 
Barium sulphate, in bags................. ton 
Barium sulphate, glassmaker’s, carlots, bulk 
ON Peer errr ree ton 
RE oe See BEERS OPS Ib. 
Borax (NaeB.O710H2O) ................-- Ib. 
Granulated .....ces¢. eekeee In bags, Ib. 
OS re errr eee In bags, Ib. 
Boric acid (HsBOs) granulated ....In bags, Ib. 
Cadmium sulphide (CdS)— ............- Ib. 
Calcium phosphate (Cas(POs)2) ......... Ib. 
EE Ws sci and 6nd eepeesadubdssbanaved Ib. 
Cerium hydrate 
100 Ib. drums and 600 Ib. barrels ..... Ib. 
Chrome Oxide Green, 400 Ib. bbls. ........ Ib. 
Cobalt oxide (Coz0:) 
x... +6000 HO bbAN ES SE eahnaeesen'es Ib 
et CE oo knen ce dnotabueenes we x Ib. 
Copper oxide 
a keiemnbean nein ee Ib. 
i CS a. Cache ube woeekeee Ib. 
cE oo 00 Kans ae eed enes Tb. 
Cryolite (NasAl Fe) Natural Greenland 
E>: Oc oc ta deismeekdee tev Ib. 
Synthetic (Artificial) ........... ae 


Epsom salts (MgSO.) (imported) technical 
Per 100 Ib. 


Feldspar— 
PM ‘ine ob hvesaas teveaeeeeaneneed ton 
ee in vs6 naedeee ee deeded seenasees ton 
NEL <5. ulin otenemenene sabes nee ton 
CE an ice dns awn naeiwe ets ton 
ae 


Fluorspar (CaF2) domestic, ground, 96-98% 
(max SiOz, 2%%) 


Bulk, carloads, f.0.b. mines.......... ton 

BN OE og oe ae re ce tone eel ton 
SU SS os as enwkeeedeweaid Ib. 
RR NE =< cctacacednhadas ae nadeseans Ib. 
Tron oxide— 

ID cc bdieinckkpannakawsoe'd Ib. 

ER Gileis cn ciaden baad eee acuse Ib. 
Se ee Oy are ae eee ee Ib. 
Me Ml Oe Bie RD ook occ nt ccccees ton 
English, lump, f. o. b. New York ........ ton 
Kryolith (see Cryolite) 
Lead chromate (PbCrQu)... .............. Th. 
Lead oxide (PbsOx) (red lead) ........... Tb. 

NOR co cub cdvndecushewsenes Ib. 

ie Be ae ee panera 
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Carlots Less Carlots 
.29 
1.10 
13% 
10 -10-.11% 
5.50 ‘ 
15.50 bok 
.[Po.or Gr. .25 
lL Cay. 25% 
.04-.04%4 -04%-.05 
.04 
05% ae 
eae -0571 
15 
.08 
02% 
10% 
09% 
oa .08 
03% 04% 
40.00 45.00 
37.00 ae 
05 .05% 
.08% 
ata 1.50-1.75 
19.00 24.00 
15.00-16.00 18.00 
06 06% 
02 .02%4-.02% 


02% .02%4-.02% 
04%  .04%4-.04% 


a a -70-.75 
ove -06 
eve 0215 

eee 65 

215-.25 

1.25 

1.35 

° 25 

-17-.19 

: 22 

08% -09 

-085 -09 

2.40 
10.50-12.75 
10.00-12.25 
10.75-13.00 


10.00-12.25 


(Min. 2 tons) $3.00 per ton additional plus charge for bags 


30.00-35.00 ‘pe 
33.00-36.50 38.00- 40. 60 

.07 
eee -04-.07 
ise -0425 
04% ea 
.035-.05 

8.00-9.00 


14.50-25.00 24.50- 30. 00 


- -16 
-062 — 
cee 0675 
eee -0725 





DO 65k so 400 4oa Kee eR ee Reena reso news ton 
NG. (CUI, | ani nae baqeabeaaeneGand Ib. 
iD BO NB ok 5v.cnesenede cecsneasess Ib. 
Ra BD ines vine decnserians Ib. 
Lime— 
Hydrated (Ca(OH)2) (in paper sacks). .ton 
Burnt (CaO) ground, in bulk....... ton 
Burnt, ground, in paper sacks...... ton 
Burnt, ground. in 280 lb. bbls.....Per bbl. 
RN GED: oc Sa sip edicndescuwes ton 
Magnesium carbonate (MgCOQOs).......... Ib. 
Magnesium sulphate (U.S.P.) ............ Ib. 


Manganese, Black Oxide 


Os SN MIE ss basic tbreone Seka vaanee ton 
Re NT nv 55.5 5% cha ba Peeks ton 
te See <.-:.. ein Sbcek ane eaKe ton 
Neodymidm oxalate, 50 Ib. drums ......... Ib, 
Nickel oxide (NizOs), black .............. Ib. 
Nickel monoxide (NiO), green ........... Ib. 
ON A Re ns. nab aiain Bn ee ton 
Potassium bichromate (KeCreO7)— 
DEN cco ebsbecoeeakasaeeemeenn ee Ib. 
NY Nikivancak wash eoededeonwkeee Ib. 
Potassium carbonate aaa <a pabiothw a eel Ib. 
Calcined (K2COs) 96- 98% se iamc gatas Ib. 
a, aa A ee Ib. 


Potassium chromate (KsCrOs) "450 Ib. bbls. . Ib. 
Potassium hydrate (KOH) (caustic potash). .Ib. 


Potassium nitrate (KNOs) (gran.)......... Ib. 
Potassium permanganate (KMnQ,s)......... Ib. 
Powder blue jievddreteeksetenstadee Ib. 
Rare earth hydrate 

SP NE * pc's ot dn dodoesiawekeedn Ib. 

SE NER Soricoie 4:0: 0'o Oa8 bee wena Ib. 
ee Otte ME... in aust podscestawncen Ib. 
SS on ocak wa' sink weea adean ei tm ugece Ib. 
Rutile (TiOz) powdered, 95%.............. Ib. 
Salt cake, glassmakers (NazSOu)........... ton 
IN EI so 5, aha 5. , sedis dah wath meevan Ib. 


Silver nitrate (AgNOs) . (100 « oz. bot.) per oz. 
Soda ash (NazCOs) dense, 58%— 


Ayr cr Flat Per 100 Ib. 
Pr ED. widicesnwes ameewors Per 100 Ib 
ON FE oD ee Per 100 lb 
Sodium a (NasCrzOz) abate meiidgmarenire Ib. 
Sodium chromate (NaeCrO« 10H20)........ Ib. 
Sodium fluosilicate (NazSiFs).............. Ib. 
Sodium hydrate (NaOH) (caustic soda) 
eR Fr ee Per 100 Ib. 
AE PET ST Te mee Per 100 Ib, 
Sodium nitrate (NaNO) — 
Refined (gran.) in bbls. ...... Per 100 Ib. 
95% and 97% 
WR Ae xkh nen dcadwakie Per 100 Ib. 
NN Nd ce vg. aia aoe tbs ek otdetnch ao Wace en ek 
Ss I ics os Seen palcueakennaaes 
Sodium selenite (NavSeOs)............... Ib. 
Sodium uranate (NasUQO«) Orange ........ Ib. 
We a ences Ib. 
Sodium uranyl carbonate ...............-- Ib. 
Sulphur (S)— 
oe | rr nr Per 100 Ib, 
Deere. Os OO, 5 dé di aics dces Per 100 Ib. 
Flour, heavy, in 250 lb. bbls...Per 100 Ib. 
Tin chloride (SnCle) (crystals). in bbls..... Ib. 
ee GG TI) Bh WR. iis ks ccdivenciee< Ib. 


a . . BRs 60. 0:0.004 Seb si bapetcadeae's Ib. 
GBI co daa ca becndcaetn tokens Ib. 
Zine oxide (ZnO) 
American process, Bags...........0.-: Ib. 
White Seal, 150 Ib. bbls. ............. Ib. 
ie eae ee Ib. 
Ue MS RE sg ntdcecctcaatdbedbars Ib. 
Zircon 


Granular (Milled .005-.02c higher)........ 
Crude, Gran. (Milled .005-.02c higher)... 


Carlots 


45.00 
-052 


10.50 


45.00 
46.50 
48.00 


31.00 


.0825 
07% 
07% 


.06%4-.06% 


of ee 13% 


-15-.20 
18.00 


1.10 
1.50 
1.25 


06% 
05 


3.00 
2.60 


1.175 
1.24 
1.275 


3.45 


2.90 


065 

-10% 
09% 
08% 


07 
03% 


Less Carlots 


-0575 
-0625 


2.25 


-08-.09 
03 


50.00 
51.50 
53.00 


4.00 
-35-.40 
-35-.40 


23.00-29.00 


08% 
09% 
.0875 
.0875 
.0775 
-16 
-08-.08%4 
06-06% 
19 
-17-.18 


35 
30 


12% 


.20-.25 

27.00 

1.80-2.00 
39% 


06% 
08 
05% 


2.00-2.25 


1,29 
1.325 
1.80-2.00 
1.50-1.55 
1.55-1.60 
-80-.90 


3.70-4.10 
3.35-3.75 
3.25 

-385 
-54-.58 


3.00 
1.60 


.0675 
10% 
095% 
.085% 


.67%4-.08 
-04..05 
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Borax and Alumina (Continued from page 238) 


1G. W. Morey: J. Am. Ceram. Soc. 15, 457 (1932). 

# Stated by S. English. 

21 PF, Singer: Ker. Rundschau 25, 142 et seq. sesh. 

22. Springer: Ker. Rundschau_ 48, 243 (1917). 

23 G. Keppeler and R. Scholle: Glastech. Ber. 11, 357, 392 (1933). 


24V. Dimbleby, F. W. Hodkin, W. E. S. Turner: }. Soc. Glass Tech., 
Trans. 5, 107 (1921). 

2% V. Dimbleby, S. English, F. W. eee. W. E. S. Turner: J. Soc. 
Glass Tech., Trans. 8, 173 (1924 

=F. Stang: Glashhiitte "63, 615 (1933) 5 J. Soc. Glass Tech., Abs. 17, 
428 (1933). 

27D. D. Schurtz: J. Am. Ceram. Soc. 13, 341 (1930); this journal 11, 
55 (1930). 

** J. Soc. Glass Tech., Proc. 14, 165 (1930). 

2"G. Simpson: See ref. (28). : 
“ V. Dimbelby, M. Parkin, E. Seddon, W. E. S. Turner, F. Winks: 5. 
Soc. Glass Tech., Trans. 18, 13 (1934). ; = 

“P. P. Budnikoff, G. W. Kulolev, 1. S. Smeljanskij: Glastech. Ber. 9, 
144 (1931). 

*@ See reference (30). 

33 G. Gehlhoff: Lehrbuch der Technischen Physik, p. 342 (Barth, Leipzig, 
1929). Article by G. Gehlhoff and M. Thomas. 

"a E. S. Turner and F. Winks: J. Soc. Glass Tech., Trans. 9, 397 
(1925). 

%S. English: J. Soc. Glass Tech., Trans. 10, 52 (1926). ; 

% H. Hovestadt: Jena Glass trans. by J. D. and A. Everett (MacMillan, 
London, 1902). 

. Enss: See reference (33). 

“ H. Karmaus: Sprechsaal 59, 725 et seq. (1926). 

* Ww. E. S. Turner: J. Am. Ceram. Soc. 7, 313 (1924). 

a in R S. Turner and F. Winks: J. Soc. Glass Tech., Trans. 10, 102 


aT 


“y. ‘i Clark and W. E. S. Turner: J. Soc. Glass Tech., Trans. 5, 119 
21) 
eS. "Enilish and W. E. S. Turner: J. Soc. Glass Tech., Trans. 5, 277 


(1 

v Dimbleby, S. English, F. W. Hodkin, W. E. S. Turner: J. Soc. 
Glass Tech., Trans. 8, 173 (1924 

“F. Keller: Z. tech. Physik. 13, 337 (1932); J. Soc. Glass Tech., Abs. 
16, 372 (1932). 

“ F, Eckert and I. Westerman: Glastech. Ber. 10, 30 (1932). 

* As obtained: at Sheffield. 

OD Senne and P. Gilard: Revue Universelle des Mines VII, 6, 187 
(1925). 

*F. W. Hodkin and A. Cousen: A Textbook of Glass Technology, p 
38 (Constable, London, 1925). 





CAMPAIGNING FOR SAFETY-GLASS 

The Libby-Owens-Ford Glass Company’s publicity cam- 
paign to promote the use of safety-glass has now reached 
into the air. The Company is employing the services 
of Floyd Gibbons, rapid fire radio reporter, to talk to 
automobile distributors about the importance of safety 
glass in accident prevention, and of course the general 
public “listens in.” 

It will be remembered that at the Century of Progress 
this year, visitors to the exhibit of a group of glass 
manufacturers were given baseballs to hurl at squares of 
both ordinary plate glass and safety glass. Over 100,000 
individuals tested their pitching skill in this manner 
and smashed over 50,000 square feet of glass. At an- 
other exhibit at the Fair, racing cars were overturned 
at high speed in a similar demonstration. 





A COMMUNICATION 
Ed'tor, Glass Industry: 

The article “Education and Research in Glass Tech- 
nology” by Prof. W. E. S. Turner in the August issue of 
The Gass INpustRY contained the following statement: 
“I believe I am correct in saying that the presence of 
Dr. Scholes in Columbus made it possible to run a 
course of lectures (at Ohio State) on glass technology. 
So far as I know, this course has never blossomed into 
anything more substantial.” 

Evidently Prof. Turner does not know of the present 
conditions at Ohio State, therefore we believe that you 
will be interested in knowing just what we are doing in 
the field of glass technology and engineering. 

In remodeling our curriculum several years ago, we 
decided to include a required course in glass technology 
for all ceramic students. While Dr. Scholes was in 
Columbus the course consisted of twelve lectures. Since 
then the course has been expanded and now consists of 
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22 one hour lectures and 11 three hour laboratory 
periods. Dr. D. J. McSwiney, who has had considerable 
experience in the glass industry, teaches this course, 
and also supervises any thesis. or special research prob- 
lems in the field of glass technology. 

The ceramic engineering course at Ohio State is de- 
signed primarily to educate engineers for service in the 
ceramic industry, by giving them sound training in the 
fundamentals of ceramic technology and their engineer- 
ing application. Men who are equipped for advanced 
study and can return for graduate work, usually pursue 
advanced courses in technology. We believe that the 
training received by our engineers is well adapted for use 
in the glass industry, since it includes subjects such as: 
Fuels and combustion, Pyrometry and gas analysis, 
Utilization and testing of refractories, Elements of glass 
technology, Flow of fluids and heat transfer, Material 
handling and conveying, Principles of furnace and plant 
design, and Thermo-chemical mineralogy. 

The above work is in addition to other courses in 
ceramic engineering and technology; mathematics, 
chemistry, physics, etc. 

Department of Ceramic Engineering, 


Arthur S. Watts, Chairman. 





OUR FRONT COVER PICTURE 
Our front cover this month shows an illustration that 
might well be captioned “The Cradle of the Plate Glass 
Industry in America.” Indeed, it would be difficult, if not 
impossible, to find another region of this area possessing 
so much that is of interest to the glass man. 

The scene is the bend of the Allegheny River above the 
New Kensington Bridge (extreme lower right hand cor- 
ner) looking north, or upstream. On the west bank, the 
left hand side of the picture, there is seen in the middle 
foreground the “Glassmere” plant of the Ford Motor 
Company, formerly the Allegheny Plate Glass Company. 
The white areas near the river bank are grinding sand. 
Further upstream, on the same bank, is the “Creighton” 
(Number 1) plant of the Pittsburgh Plate Glass Com- 
pany, with a large conical sand pile on the wharf in the 
river. On this site the first successful American plate 
glass plant was built half a century ago. Beyond, on 
the same side of the river, is the town of Tarentum, 
where years ago the Number 2 plant of the Pittsburgh 
Plate existed. 

On the eact bank of the river, next the bridge, is the 
plant of the Aluminum Company of America. Beyond, 
at the bend of the river, immediately in front of the open 
field, is the Arnold or Number 1 plant of the American 
Window Glass Company, making some of the best Four- 
cault drawn sheet glass in the country. 

The horizon at the top of the picture, is over 40 m'les 
away. Just at the horizon, almost at the left of the 
picture, are the Weightman Bottle and Glass Company’s 
plant at Parkers Landing, and the Knox Glass Company’s 
plant at Knox, Pa. At the extreme left, is Butler, Pa. 
(Franklin Glass), and, at the extreme right, Ford City 
(Pittsburgh Plate) and. Kittanning (site of the defunct 
Kittanning Plate Glass Company’s plant). With infra 
red plates most of these might, theoretically, have been 
added to the picture, though they would all be mere 
specks at such distances. 

Photographed October 1, 1934 at 11 A. M. Altitude 
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about 1500 ft. above river. Pilot, George McKee; pho- 
tographer, F. W. Preston. 





On October 1, Pittsburgh Plate Glass Company mailed 
its fourth quarterly dividend of 35 cents a share. Writ- 
ing to stockholders, president H. S. Wherrett stated: 
Unfavorable market conditions for some of the com- 
pany’s major products prevailed during the second and 
third quarters of 1934 . . . Preliminary figures for the 
third quarter indicate that these factors were offset to 
some extent by continued development of new business 
in the paint division, the success of aggressive cam- 
paigns for the sale of plate glass, Carrara structural 
glass, mirrors and other products used in renovating 
and modernizing buildings. 











Tank Blocks Clay Pots 


Product of 


Pittsburgh Plate Glass Company 


Refractories Department 





Grant Building, 
Fourth Avenue and Grant Street 
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STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CIRCULATION, ETC., REQUIRED BY THE ACT OF 
MARCH 3, 1933 
THE GLASS gage STRY, published monthly at 233 Broadway, 
New York, N. Y. for October 1, 1934, State of New York, County 

of New York, ss: 

Before me, a Notary Public in and for the State and County 
aforesaid, personally appeared John T. Ogden, who, having been 
duly sworn according to law, deposes and says that he is the 
Publisher of THE GLASS INDUSTRY and that the following 
is, to the best of his knowledge and belief, a true statement of the 
ownership, management etc., of the aforesaid publication for the 
date shown in the above caption, required by the Act of March 3, 
1933 embodied in section 537, Postal Laws and Regulations, printed 
on the reverse of this form, to wit: 

1. That the names and addresses of the publisher, editor, man- 
aging editor, and business managers are: Publisher, John T. 
Ogden, 233 Broadway, New York, N. Y.; Editor, John T. Ogden, 
233 Broadway, New York, N. Y.; Managing Editor, none; Busi- 
ness Manager, John T. Ogden, 233 Broadway, New York, N. Y. 

2. That the owners are: Ogden-Watney ‘ublishers, Inc., 233 
Broadway, New York, N. Y., Alfred T. Ogden, John T. Ogden, 
Dorothy M. Watney, Estate of Cornelius O. Watney. 

3. That the known bondholders, mortgagees, and other securi- 
ty holders owning or holding 1 per cent or more of total amount 
of bonds, mortgages, or other securities are: None. 

4. That the two paragraphs next above, giving the names of 
the owners, stockholders, and security holders, if any, contain not 
only the list of stockholders and security holders as they appear 
upon the books of the company but also, in cases where the 
stockholder or security holder appears upon the books of the 
company as trustee or in any other fiduciary relation, the name of 
the person or corporation for whom such trustee is acting, is 
given; also that the said two paragraphs contain statements em- 
bracing affiant’s full knowledge and belief as to the circumstances 
and conditions under which stockholders and security holders who 
do not appear upon the books of the company as trustees, hold 
stock and securities in a capacity other than that of a bona fide 
owner; and this affiant has no reason to believe that any other 
person, association, or corporation has any interest direct or in- 
direct in the said stock, bonds, or other securities than as so 
stated by him. 

(Signed) 
JOHN T. OGDEN Publisher 

Sworn to and subscribed before me this 25th day of September, 
1934. 

(Seal) BERTHA S. BECKER 

Notary Public, New York County. 
N. Y. Co. Clerk’s No. 571, Reg. No. 5B739 
(My commission expires March 30, 1935) 
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EMILITE IRON 


BETTER WARE 


FEWER VOLD CHANGES 


1. SCALE RESIST 
Emilite will run at least 


2. LONG LIFE 


Emilite, because of its longer 
life, which is 

no Sy in ine abil- 
ity, will lower your casting 
costs at least 50% over or- 
leaning costs. dinary iron. 


—. effecting a large 


tY CO. 


COLUMBUS, OHIO 














Another O. Hommel Achievement .... 


RESISTALL 


GLASS COLORS... 


Resistive to Organic Acids ... Alkalis . . . Wash- 
ing Compounds . . . and Similar Substances. 


Glass Colors with proven resistive powers are now 
available in The O. Hommel Resistall line. 

These colors are proof against the action of organic 
acids such as acetic, citric and lactic; alkalis, particu- 
larly lye and similar corrosive elements found in 
washing compounds; and kindred destructive agents. 
They are suitable for a wide variety of applications 
previously closed because of the lack of a true 
permanent color. 

They can be used on milk bottles subjected to the 
action of washing powders and on jars or bottles 
for mustard, vinegar and similar acid food materials. 
They have a uniform fusing point. Duplication of 
quality results is easy and sure. 


They fire out true and clean. This brilliance is re- 
tained, even when subjected to chemical attack. 


Full details will be given on request. You will find 
this new O. Hommel development merits investigation. 


THE O. HOMMEL COMPANY 
209 Fourth Avenue Pittsburgh 
Quality First—Since 1891 
A Full Line of Ceramic Colors and Materials 
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Smooth wear, no stones, longer furnace life with 


SUPERFLUX BLOCKS 
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SAINT LOUIS, MO. 





Solid 





GLASS SPECIALTIES 


Transparent Colored Blown Sheet Glass 


Flashed Opal Blown Sheet Glass 
Colonial Antique Colored Glass 
Heat-Ray Resisting (Cool Glass) 


Pot Opal Blown Sheet Glass 


“TWIN-RAY”’— 
the scientific 
illuminating 
glass. L. J. 
HOUZE 
CONVEX GLASS CO. 


Point Marion, Penna. 

New York Office: 110 West 40th St. 
Chicago Office: 1597 Merchandise Mart 
“IF ITS MADE OF GLASS, ASK US FIRST” 



























PHONE, BUTLER 43510 


F. W. PRESTON 


Civil ENGINEER AND 
GLASS TECHNOLOGIST 


BUTLER, PA. 











THE SHARP-SCHURTZ 
COMPANY 


CHEMISTS AND CONSULTING 
ENGINEERS 


FOR THE GLASS INDUSTRY 


LANCASTER, OHIO U.S.A. 








Reversin a 


Valves... 
Equipment of 


character — — 
built for eco- 
nomical output 
and lowest cost 
maintenance. 


Dust Catchers 
and Flues 


THe WELLMAN + ogy tga Go. 
» OHIO 

















Philadelphia 





VW 


GREEN - 


AMBER 
EMERALD GREEN 
Full Automatic Machine Process 


FLINT - 


Whitall Tatum Company 


Manufacturers Since 1836 


New York Buenos Aires, A. R. 
FACTORIES: MILLVILLE, N. J. 














BAILEY & SHARP Co. 


INCORPORATED 
CONSULTING ENGINEERS 
GLASS TECHNOLOGISTS 


HAMBURG, N. Y. 
U.S. A. 


CABLE ADDRESS 
“SHARPGLASS” 
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